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1. PROJECT DESCRIPTION 

1.1 INTRODUCTION 

Weston Solutions, Inc. (WESTON®) has prepared this Field Sampling Plan (FSP) and Quality 

Assurance Project Plan (QAPP), which together comprise the Sampling and Analysis Plan, for 

the Atlantic City Naval Air Station (Atlantic City NAS) located in Egg Harbor Township,  

New Jersey (Site) (Figure 1-1). This FSP has been prepared to support further investigative 

activities conducted under the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA) and the Formerly Used Defense Site program. Work will be performed 

by WESTON for the United States (U.S.) Army Corps of Engineers (USACE) under  

Contract No. W912WJ-05-D-0009. This FSP was prepared to address sampling and analysis 

tasks associated with further investigative activities related to mercury contamination at Area U. 

The QAPP immediately follows this FSP. 

This FSP and the QAPP satisfy the requirements for a Sampling and Analysis Plan in support of 

planned activities. Plan development was based upon information and data summarized in the 

Area U-Supplemental Remedial Investigation/Ecological Risk Assessment Report prepared by 

TRC Environmental Corporation (TRC) (TRC, 2006). Historical site data is further discussed in 

the Work Plan (WP).  

1.2 BACKGROUND 

In 1942, Atlantic City NAS was constructed on 2,444 acres of leased private land. The mission 

of the air station was to train various air groups consisting of fighter, bomber, and torpedo 

squadrons and their crews for combat. In August 1943, Atlantic City NAS changed to only 

fighter training consisting of high and low altitude gunnery tactics; field carrier landings; 

arrested landings; catapult launchings; dive, glide, and live bombing; formation tactics; rocket 

work; fighter direction; night operations; and a complementary ground school.  
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The Atlantic City NAS was transferred from the U.S. Navy to the Airways Modernization Board 

(AMB) in June 1958. In November 1958, the Federal Aviation Administration (FAA) took over 

operations of the AMB. The FAA expanded the former Naval land parcel to approximately  

5,000 acres with a primary mission of responding and contributing to FAA research and 

development programs; testing and evaluating aviation concepts, procedures, and equipment; 

and assisting other departments of the agency with research, development, and implementation. 

The current FAA parcel, known as the William J. Hughes Technical Center, accommodates air 

traffic, airway facilities, systems research and development, flight inspection personnel of the 

FAA, an office of the National Weather Service, the 177th Fighter-Interceptor Group of the New 

Jersey Air National Guard, and serves as the Atlantic City International Airport.  

A Military Munitions Response Program site inspection was performed in September 2006, 

which included an inspection for chemical warfare materiel at Area ‘W’, and sampling for 

munitions constituents at other areas. Preliminary results yielded no indication of chemical 

warfare material at Area ‘W’. 

Remedial Investigation studies performed by FAA indicate that mercury is the main contaminant 

of concern at Area ‘U’, which encompasses the north and south branches of the Absecon Creek 

(NBAC and SBAC), and the Upper and Lower Reservoirs of the Atlantic City Municipal 

Utilities Authority (ACMUA), which are contributing water supplies to Atlantic City, New 

Jersey proper. Mercury has been detected in sediments of the SBAC, NBAC, Upper and Lower 

Reservoirs, and in surface water, floodplain soils, groundwater, and biota within the watershed. 

A previous FAA report concluded that the mercury impacts are related to the U.S. Navy’s former 

use of the Site. The FAA Technical Center was included on the National Priority List on 30 

August 1990. 

1.3 SITE DESCRIPTION 

The Technical Center property covers an area of approximately 5,000 acres approximately  

9 miles northwest of Atlantic City, as shown on Figure 1-1. The Technical Center is located in 

Pinelands National Reserve (The Pinelands). The Pinelands are an important ecological region of 
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the state characterized by pine, oak, and cedar forest, swamps, and slow moving streams. The 

harsh characteristic of the area has created relatively low plant diversity limiting the variety of 

animals. The acidic stream waters with low alkaline metals and high iron contents support a 

unique fauna and flora (Atlantic white cedars, Pine Barrens tree frog, Cooper’s hawk, and the 

barred owl) dissimilar to most natural waters in the region. Additionally, the acidic surface 

waters may play a role in the availability of mercury (via methlyation) to resident biota. 

Atlantic City’s municipal water supply is provided by nine groundwater supply wells located 

north of the Upper Reservoir on Technical Center property and by water drawn directly from the 

Lower Reservoir, which is not on Technical Center property. The SBAC and NBAC, which each 

traverse portions of the Technical Center grounds, feed the Upper and Lower Reservoirs, 

respectively. The ACMUA manages the public water supply facilities and owns both reservoirs. 

The SBAC, NBAC, Upper and Lower Reservoirs, and surrounding watershed areas are shown 

on Figure 1-2. Subsection 1.2 in the WP includes a more detailed description of the specific areas 

this investigation focuses on. 



 

 

SECTION 2 
 

SCOPE AND OBJECTIVES 
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2. SCOPE AND OBJECTIVES 

2.1 PROJECT PURPOSE 

WESTON conducted a technical review of historical data and reports documenting conditions at 

the Site. Based upon this review, additional investigative work to address mercury-impacted 

areas was recommended prior to commencing remedial actions.  

Based on the recommendations from the technical review, the overall purpose of this project is to 

1) further investigate the nature and extent of contamination in potential sources areas and 

sediment focus areas in preparation for remedial activities and 2) to evaluate the availability of 

mercury in sediment in the Upper Reservoir, SBAC and associated meanders, and the NBAC. As 

mentioned in Section 1, this work is being performed by WESTON and project personnel are 

designated on the organizational chart provided as Figure 2-1. 

2.2 PROJECT QUALITY OBJECTIVES 

Project quality objectives (PQO) for this effort are to: 

 Produce accurate, legally defensible data to support decisions, and ensure the data 
meet federal and state requirements for quality and usability.  

 Generate data that meet the most stringent of promulgated U.S. Environmental 
Protection Agency (EPA) and/or New Jersey Department of Environmental 
Protection (NJDEP) criteria to assist in directing remedial activities.  

 Generate real-time data during field work activities to ensure worker protection, 
including monitoring data for volatile organic compounds (at source areas only), 
mercury, and radiation (worker safety only, no investigations). 

The Laboratory Analytical Methods and proposed laboratory reporting limits are listed in  

Table 3-1 of the QAPP. Laboratory quality control (QC) limits and data quality indicators are 

also listed in Table 3-1 of the QAPP. 
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2.3 GENERAL QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES 

Sample analysis via off-site laboratory will adhere to quality assurance (QA)/QC requirements 

and guidance in accordance with the NJDEP Technical Requirements for Site Investigation,  

and as outlined in the Department of Defense Quality Systems Manual for Environmental 

Laboratories (Final Version 3), the EPA Guidance for Conducting Remedial Investigations and 

Feasibility Studies under CERCLA and the QAPP. Field QA/QC will be achieved via collection 

of field duplicate and matrix spike/matrix spike duplicate (MS/MSD) samples which will be 

used by the project chemist to determine relative percent difference and matrix interferences. 

Quality control samples (equipment blanks) will also be collected in the field to ensure 

compliance with decontamination procedures. Equipment rinsate blanks will also be used to 

confirm that disposable sampling equipment is free of site contaminants of concern prior to use  

(see Subsection 3.4 for more details).  

The following QA/QC sample requirements are listed in the following table: 

Table 2-1 
 

Quality Assurance/Quality Control Sampling Requirements 

Type of QA/QC Sample Frequency of Collection Type of Analysis Required 

Field Duplicate 1/20 Samples Collected Total and methyl mercury 

Field MS/MSD 1/20 Samples Collected Total and methyl mercury 

Rinsate Blanks 1/20 Samples Collected Total and methyl mercury 

Temperature Blanks 1 Each Cooler Temperature 
 
Notes: 
MS/MSD = matrix spike/matrix spike duplicate 
QA/QC= quality assurance/quality control 

 

 



 

 

SECTION 3 
 

FIELD SAMPLING ACTIVITIES 
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3. FIELD SAMPLING ACTIVITIES 

The information contained in this portion of the FSP includes procedures that will be utilized by 

WESTON for collecting representative samples of groundwater, interstitial water, soil, sediment, 

and surface water to direct potential remedial activities. Table 3-1 provides a summary of field 

samples to be collected, by sample type, as well as QC samples.  

The analytical sampling programs for this project include the following: 

 Source Area Investigation: A surface water, sediment interstitial water, and 
groundwater investigation will be conducted west of Tilton Road to direct a more 
focused geophysical investigation. Test pits will be excavated in the vicinity of SB-41 
and west of Tilton Road following initial water sampling and geophysical surveys to 
identify and delineate potential sources of mercury in these areas.  

 Sediment Focus Areas Evaluation: Sediments samples will be collected to assess and 
delineate areas with elevated mercury concentrations or focus areas along the SBAC 
between Tilton Road and the upstream edge of the Upper Reservoir. 

 Upper Reservoir Characterization: Sediment cores will be collected at selected 
locations within the Upper Reservoir, SBAC, and NBAC to determine the magnitude 
and extent of mercury contamination in sediments. Based on the characterization of 
mercury within the Upper Reservoir, a Mercury Flux Investigation will be conducted 
to determine the potential production of bioavailable methyl mercury in the  
Upper Reservoir. This information will then be incorporated into a revised site 
conceptual model of the system. 

3.1 POTENTIAL SOURCE AREA INVESTIGATIONS 

Previous investigations performed at the Site have identified the areas SB-41 (Figure 3-1) and 

west of Tilton Road (Figure 3-2) as potential contributing sources of mercury contamination into 

the Area U hydrologic system. It is suspected that mercury or mercury-containing flasks have 

been buried or discharged within these areas. The purpose of this sampling program is to better 

define the extent of mercury contamination at each of these areas and to potentially identify 

buried mercury containers. 
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Mercury       
1631

TOC          
Lloyd Kahn-

9060

Grain Size     
Plumb (1981)   

or equiv
Mercury       

1631 Mod

Methyl 
Mercury 1630 

Mod
Sulfides Plumb 
(1981) or equiv

Total Solids
EPA 160.3

Ammonia 
350.3

Mercury    
1631

Mercury 
Dissolved 

1631

Methyl 
Mercury (Total 
and Diss.) 1630 

Sulfides-Diss  
SM4500s2D

12 12
Interstitial Sediment Pore Water  10
Temporary Groundwater  20
Sediment 30
Test Pits Soil Samples 30

60 0 0 0 0 0 0 0 12 42 0 0

Test Pits Soil Samples 20
20 0 0 0 0 0 0 0 0 0 0 0

Sediment Cores 126 126 126 126 126 126
1 1 1

0 126 126 126 126 126 126 0 1 0 1 1

Sediment Cores/Solid 24 24 78 78 24 24 0
24 24 24 24 24

0 24 24 78 78 24 24 24 24 24 24 24

Sediment Samples 300
300 0 0 0 0 0 0 0 0 0 0 0

0
0 0 0 0 0 0 0 0 0 0 0

0
0 0 0 0 0 0 0 0 0 0

380 150 150 204 204 150 150 24 37 66 25 25

Type Frequency
Duplicates 5% 19 0 0 11 11 8 8 2 2 4 2 0

MS/MSD (per matrix) 5% 19 0 0 11 11 8 8 2 2 4 2 0
Equipment Blanks (per matrix/day) 5% 19 0 0 11 11 8 8 2 2 4 2 0

Total QC Samples 57 0 0 33 33 24 24 6 6 12 6 0
GRAND TOTAL 437 150 150 237 237 174 174 30 43 78 31 25

Notes:
MS/MSD = matrix spike/matrix spike duplicate
QC = quality control
OSHA = Occupational Safety and Health Administration
TOC = total organic carbon
Diss. = Disolved
equiv = equivalent
Mod = Modified
EPA = United States Environmental Protection Agency

Sediment Focus Areas No. 1 through 6

Total Samples 
Upper Reservoir - Phase II

Surface Water/Aqueous

Total Samples 
Sediment Focus Area No. 3

Total Samples 
Sediment Focus Area No. 2

Sediment Samples

Total Samples 
Upper Reservoir - Phase I

Surface Water 

Total Samples 

Total Numbers of Field Samples to be Collected (excluding QC)
West of Tilton Road

Sediment/Solid Surface Water/Aqueous

Table 3-1

Estimated Number of Routine and Quality Control Samples 

Total Samples
QC Samples

Sediment Samples

Total Samples 

Total Samples 
SB-41

Surface Water

Location

G:\PROJECTS\20173009\006 Atlantic City NAS\Plans\Final FSP - Stakeholders\Table 3-1  3-2 7/25/2008
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The source area investigations include 0.34 acres in the vicinity of SB-41 and a 6-acre area 

located west of Tilton Road. Each investigation is being conducted through a minimally intrusive 

phased approach, which will direct the focus of the investigative effort to smaller or more 

specific areas. The investigations have been separated into the following phased activities: 

 Surface Water, Sediment, Sediment Interstitial Water, and Groundwater Investigation  
(west of Tilton Road only) 

 Focused Geophysical Survey (both areas)  

 Focused Test Pit Excavation (both areas) 

3.1.1 Surface Water/Sediment/Sediment Interstitial Water/Groundwater 
Investigation 

As the potential source area west of Tilton Road is a wooded area encompassing 6 acres, an 

initial phase of investigation focusing on surface water, interstitial water beneath the SBAC and 

abandoned meanders, and groundwater will be conducted. The data generated during this phase 

will be utilized to focus additional groundwater sampling on suspected contamination zones, 

further limiting the area to be investigated upgradient towards a potential source. This approach 

is designed to minimize the amount of disturbance required to identify a potential source by 

limiting the area to be cleared for geophysics. 

Initially, surface water sampling will be conducted in accordance with TRC’s recommendation 

1B for this area (TRC, 2006). A total of 12 surface water samples (Figure 3-3) will be collected 

upstream, within and downstream of the suspected source area, and analyzed for total and 

dissolved low level mercury by modified EPA Method 1631. Sampling activities will commence 

at the most downstream area and continue successively in an upstream progression. 

Eight samples will be collected from within the SBAC main channel and four within the 

abandoned meanders in this area. Surface water results will be used to evaluate the locations of 

potential contributions of mercury to the SBAC main channel. 
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In conjunction with the surface water samples, six sediment cores will be collected from 

locations illustrated on Figure 3-3. These sediment samples will be collected to investigate 

potential hot spots indicated by Odonate (dragonfly) species, postulated to be strong 

environmental indicators of contamination due to their localized occurrence, long larval period, 

and predatory nature that yields a high rate of biomagnification of ecosystem constituents. The 

six sediment cores planned for collection will be located on three transects with linear distances 

of 470 feet (ft), 500 ft, and 530 ft downstream of the Building 170 access road. Two sample 

locations will be located along each transect at intervals of ⅓ and ⅔ the total distance across the 

SBAC as measured from the toe of the slope on each bank of the creek. One sediment sample 

will be collected from each location at a depth interval of 0 to 1.0 ft below the surface of the 

sediment. A polycarbonate tube affixed to a polyvinyl chloride (PVC) driver will be used to 

advance the tubes. The Standard Operating Procedure (SOP) for the collection of sediment cores 

utilizing a PVC driver has been included as Attachment 3. The final core length will be 

measured by subtracting the length of the core sampler extending above the sediment surface 

from the overall total core length. All samples will be submitted for laboratory analysis of 

mercury by EPA Method 1631. 

Following evaluation of the surface water and sediment results, a series of interstitial pore water 

samplers/seepage meters will be installed, if necessary, in the SBAC main channel and/or 

meanders to assess the contribution of mercury by shallow groundwater to the SBAC and 

meanders. For purposes of this FSP, it has been assumed that surface water sampling will reduce 

the area requiring additional sampling so that ten seepage meters will be required at an 

approximate spacing of 50 ft between samplers (see Figure 3-3). The interstitial water samples 

once collected will be submitted for low level mercury analysis by modified EPA Method 1631. 

Analytical results from the surface water, sediment, and interstitial sampling program will be 

evaluated to determine the locations and overall spatial distribution of 20 1-inch PVC temporary 

groundwater collection points. Figure 3-3 illustrates one possible configuration of temporary 

groundwater sampling points. Temporary groundwater sampling collection points will be 

installed using an ATV-mounted geoprobe or hand tools, depending on accessibility of locations. 
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Groundwater samples will be systematically collected and submitted for laboratory analysis of 

low level mercury by modified EPA Method 1631.  

Groundwater analytical results from the initial sampling phase will direct the advancement of up 

to 50 screen point sampling locations utilizing a small profile ATV-mounted geoprobe or hand 

tools, depending on accessibility of locations. Two groundwater samples will be collected at 

each screen point location, from depth intervals, which will be determined during the initial 

groundwater sampling phase. Groundwater samples will be systematically collected and 

submitted for laboratory analysis of low level mercury by modified EPA Method 1631. This 

phased process will continue until groundwater sampling results suggest that the potential source 

area is downgradient.  

Table 3-1 summarizes the number of samples to be collected for analysis for each matrix. 

Sample collection, preservation, and shipping procedures are further defined in Sections 4 and 5 

of this document. The next step in the process will be to perform the geophysical study on the 

suspected source area. 

3.1.2 Focused Geophysical Survey 

Based on the results of the initial investigation described above in Subsection 3.1.1, a portion  

(or portions) of each potential source area will be targeted for a focused geophysical survey. 

These surveys will be conducted to identify anomalies (potential buried material) which may be 

the source (or sources) of mercury releases. 

A detailed description of methodology and procedures utilized during the implementation of the 

focused geophysical survey, including clearing activities, has been included in Subsection 4.2.2 

of the WP. 

3.1.3 Focused Test Pit Excavation 

The data provided by the geophysical survey will be utilized to select locations at which to 

implement test pitting activities. Each anomaly identified during the survey will be evaluated as 
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part of the test pit location selection process. Select locations will be chosen for test pitting to 

identify potential buried ferrous and non-ferrous material, which may be the source of mercury 

contamination in each'area. 

An estimated 25 test pits will be excavated in the area of SB-41 (10) and west of Tilton Road 

(15). To minimize disturbance to the ground surface, a small rubber-tire or rubber-tracked 

backhoe will be used. Based on visual observations as well as soil screening with a mercury 

vapor analyzer, two soil samples will be collected from each test pit and submitted for laboratory 

analysis of mercury by EPA Method 163 1. Samples will be collected based on characteristics and 

evidence of contamination (visual, odor, mercury vapor analyzer readings, etc.), or according to 

guidance such as provided in the NJDEP Technical Requirement for Site Remediation 

(N.J.A.C 726:E). Table 3-1 summarizes the number of samples to be collected for analysis for 

each potential source area. Sample collection, preservation, and shipping procedures are further 

defined in Sections 4 and 5 of this document. 

3.2 SEDIMENT FOCUS AREA(S) DELINEATION 

Historical sediment sampling along the SBAC and associated meanders has identified locations 

with elevated concentrations of mercury within depositional sediment (see Figure 3-4). These 

locations or focus areas (SF-1, SF-2, SF-3, SF-4, SF-5, and SF-6) were identified as having 

concentrations of mercury in sediment at concentrations greater than 5 milligrams per kilogram 

or potential requiring removal. The sampling effort is to horizontally and vertically delineate the 

extent of elevated mercury concentrations in each focus area so that decisions can be made about 

potential future actions in these areas. Investigative activities will commence at the most 

downstream focus area, SF-6, and continue to each area successively in an upstream progression. 

A total of five transects will be marked out such that they will extend perpendicular to the SBAC 

or meander with one transect located at the center of each focus area, where the elevated mercury 

concentration was detected or alternatively focused on depositional areas upstream of bridge 

culvert constrictions. Four additional transects will be equally distributed upstream and 

downstream of this center transect. Each transect will be equally spaced at 100-ft intervals in the 
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pattern described above. Figures 3-5, 3-6, and 3-7 illustrate the transect distribution at each focus 

area. Sediment sampling will commence at the most downstream transect in each focus area and 

progress successively upstream until the samples have been collected from all five transects. 

Two sample locations will be located along each transect at intervals of % and % the total 

distance across the SBAC or meander as measured from the toe of the slope on each bank of the 

creek. In general, a minimum of four samples will be targeted for collection from each location at 

depth intervals ranging from 0 to 0.5, 0.5 to 1 .O, 1.0 to 1.5, and 1.5 to 2.0 ft below the top of the 

sediment. A polycarbonate tube affixed to a PVC driver will be used to advance the tubes. When 

advancing the tube, the field crew will attempt to collect sediment to a depth beyond 2 ft as 

practicable given the limitations of the selected sediment sampling method and the sediment 

depth. In some instances, sediment cores exceeding 2.5 to 3 ft may be obtained. The final core 

length will be measured by subtracting the length of the core sampler extending above the 

sediment surface from the overall total core length. Cores longer than 2 ft will be subdivided into 

6-inch increments for the entire length of the core. All samples will be submitted for laboratory 

analysis of mercury by EPA Method 163 1. 

Table 3-1 summarizes the number of sediment samples to be collected during the sediment focus 

area delineation program. Sample collection, preservation, and shipping methodologies, and 

procedures are further defined in Sections 4 and 5 of this document. 

3.3 UPPER RESERVOIR, SBAC, AND NBAC SEDIMENT SAMPLING AND 
BENTHIC FLUX INVESTIGATION 

Previous investigations conducted at the Site identified mercury within sediment and fish from 

the Upper Reservoir; likely a result of the transfer of methyl mercury present in surface water 

through the food chain. It is suspected that the methyl mercury is related to a release from a 

SBAC source, methylation of underlying sediments within the Upper Reservoir, or some 

combination of the two. 

While previous sediment sampling was conducted to characterize the mercury concentrations in 

surficial sediments, additional sampling will be conducted to provide a measure of the vertical 
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sediment profile (Phase I). The results of this investigation will provide a more accurate basis for 

comparison to both historical and any future data collection efforts and will be used to guide the 

design of the mercury fluxlavailability evaluation (Phase 11). The proposed study will help to 

estimate the contribution of mercury from the NBAC and Upper Reservoir to the Lower 

Reservoir which may vary in relation to changing seasons and changing water levels. 

3.3.1 HorizontalNertical Sediment Delineation Sampling (Phase I) 

The purpose of this Phase I investigation is to further delineate and fill data gaps regarding the 

spatial (horizontal and vertical) distribution of mercury and methyl mercury of sediments in the 

NBAC and Upper Reservoir. While previous sampling was conducted to characterize the 

surficial sediments, this additional sampling will be conducted with a piston core to provide a 

measure of the vertical profile. The results of this investigation will provide a more accurate 

basis for comparison to both historical and any future data collection efforts and will be used to 

guide the design of the mercury fluxlavailability evaluation (Phase 11). 

A total of 21 sediment cores will be collected from sample points located throughout the 

Upper Reservoir, SBAC, and the NBAC. Fifteen cores will be collected in the Upper Reservoir, 

and two cores each will be collected in the NBAC (tributary east of the MOPTAR area), lower 

SBAC, and lower SBAC meanders. Figures 3-4, 3-8, and 3-9 illustrate the distribution of cores 

throughout the study area. Station locations were determined based on concentrations of mercury 

in surface sediment in a study conducted by TRC. Some of the sample locations are co-located 

with previous sample locations to confirm concentrations or provide information on potential 

changes through time, while other sample locations are located in previously un-sampled areas to 

augment and refine the existing reservoir-wide data set. The project will use a global positioning 

system (GPS) to acquire position information for all sampling locations. Specifically, a Trimble 

GPS pathfinderm Pro XRS receiver (ProXRS) will be used for navigation and data collection. 

Before any data can be collected, the field teams will use the GPS system to navigate to the 

location to be sampled. Once the sampling location has been navigated to, the location will be 

logged using the ProXRS. Logging will be conducted in accordance with the NJDEP GPS Data 
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contribution of sediment-associated mercury and methyl mercury to the water column in the 

Upper Reservoir. While numerous factors may affect the flux of mercury from sediment 

(interstitial water) to the overlying water column, this study will focus on the flux of mercury and 

methyl mercury into the water after designated times and following specific manipulations based 

on the proposed management plan and known seasonal conditions (i.e., summer and winter 

temperatures and photoperiods) at the Site. In addition, physical regimes used in this study will 

mimic the currently low level surface water level (including completely exposed areas) in the 

Upper Reservoir, as well as the future wetldry cycles associated with the draw-down and 

reflooding operations planned for the Upper Reservoir. 

As part of the mercuryIMethy1 Mercury Flux Investigation, 30 1-ft sediment cores will be 

collected from each of two sample locations in areas of elevated sediment mercury and 

methyl mercury within the Upper Reservoir, as determined by the analytical results of the Phase I 

investigation (section). Twenty of the 30 cores will be collected from an area within the reservoir 

where mercurylmethyl mercury concentrations are not only elevated, but where the sediment has 

been completely dried or exposed for the period of low water level. In the laboratory, these 

20 core samples will be designated as the "dry" samples. Ten of the 30 sediment cores will be 

collected from an area where the sediment has been covered with water during the period of low 

water level in the reservoir. In the laboratory, these 10 core samples will be designated as the 

"wet" samples. Piston coring techniques with clear polycarbonate tubes will be used to collect all 

cores from each location from within a square meter delineated area. Samples will be collected 

within 1 square meter to prevent heterogeneity in cores to be used in the laboratory flux 

evaluation. Additional cores will be collected in the field to ensure adequate numbers of replicate 

cores are available should damage occur while shipping. To minimize sediment contamination of 

water samples, the sequence of sampling events will involve the measurement of water quality 

(i.e., temperature, conductivity, dissolved oxygen, etc.), then the collection of a water sample by 

grab sample (or niskin bottle), and finally the collection of sediment by piston core sampling. 

Table 3-1 *summarizes the number of sediment cores to be collected as part of Phase I1 activities. 

Core collection, preservation, and shipping methodologies and procedures are further defined in 

Sections 4 and 5 of this document. 

G:\PROJECTS\20173009\006 ATLANTIC CITY NAS\PLANS\FINAL FSP - STAKEHOLDERS\FINAL-STAKEHOLDER-FSP-REDLINE.DOC 31 JULY 2008 

3-10 



Sanzplirtg artrl Analysis Plait 
Part-I Field Sampling Plarz 
Mercury Contarnination at Area U 
Atlantic City Naval Air Statiort, Formerly Used Defense Site 
Epp Harbor Towntskiu, New Jersev 

3.3.2.1 Laboratory Procedures 

Methods used in this investigation were designed specifically to address this site-specific issue 

regarding the flux of mercury from sediment to water under changing water levels in the 

Upper Reservoir. However, specific aspects of this laboratory study are based on modified 

procedures described in Regnell and Tunlid (1991). While there are a number of variables that 

can affect mercury and methyl mercury flux, the primary focus of this study was to determine the 

flux rates related to dryinglreflooding of the Upper Reservoir sediment. In addition, because 

temperature and associated light regimes are extremely different during winter and summer, and 

because these variables have great potential to affect methyl mercury production (and its 

associated release into the water column), these two variables were used as the primary test 

conditions. 

The study will be initiated by placing the 30 field-collected sediment cores (the 20 dry sediment 

samples and the 10 wet sediment samples) from the two sampling locations (within clear 

polycarbonate tubes) into longer polycarbonate tubes as test chambers, which will allow for the 

addition of water to the sediment samples. One water sample collected from the Upper Reservoir 

will be immediately submitted to the analytical laboratory for a baseline determination of 

mercury and methyl mercury concentrations. To each of the 20 "dry" core samples and each of 

the "wet" core samples, a sufficient volume of Upper Reservoir water from the depth just above 

the sediment will be added to the top of the sediment test chambers as to allow for significant 

oxygen exchange between the sediment and water layers. Sufficient head space will be provided 

on top of the water layer for exchange of oxygen between water and gas matrices. The longer 

polycarbonate tube will be stopped above the head space with a silicone or rubber stopper 

containing a capillary tube or pipette through which the test chamber will be aerated with filtered 

and pumped air. It is necessary for some oxygen to be pumped into the test chamber or the test 

chambers could become completely anoxic, thus, interfering with the intent of the experiment. 

The amount of oxygen going into the headspace will be minimized by monitoring the airflow rate 

and ensuring it is slow enough as to not cause the sediment to become completely oxygenated. 
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In addition, the redox potential will be monitored in surrogate test chambers and adjusted 

accordingly. 

Ten of the 20 dry sample test chambers and 5 of the 10 wet sample test chambers will be held 

under temperature and photoperiodic conditions of the Upper Reservoir simulating winter. 

Similarly, 10 of the 20 dry sample test chambers and 5 of the 10 wet sample test chambers will 

be held under temperature and photoperiodic conditions of the Upper Reservoir simulating 

summer (see Figure 3-10 for a graphical presentation of the following manipulations). 

Temperature and photoperiodic conditions of winter and summer will be held in two separate 

thermoregulated rooms and lighting will be provided using full spectrum fluorescent bulbs. 

Overlying water will be collected at the Upper Reservoir prior to sampling activities (to avoid 

potential turbidity issues) in cubitainers, placed in a cooler on ice, and shipped immediately to 

the laboratory where it will be stored at 4 degrees Celsius ("C) until immediate initiation of the 

experiment, or until the reflooding of the sediment. Typically water for analytical testing would 

be acidified on-site (before or after filtration) or stored below -20 "C, this may be necessary due 

to the large volume of water needed to perform this experiment. Specifically, enough water will 

be added to each test chamber as to allow for aerobic sediment in only the top sediment layer 

[-2 centimeter (cm)]. Redox potential will be measured using a redox potential probe and meter 

to allow for the best determination of the stratification between oxic and anoxic sediment. 

During the course of the tests, water quality measurements (with the exception of ammonia) will 

be conducted directly on test chambers as to minimize removal of water from test chambers. 

Water quality measurements will be conducted in the temperature controlled room and will be 

brief, as to avoid significant oxygenation of the air and subsequent watedsediment in test 

chambers. Standard procedure is to measure water quality on all water at test initiation and 

conclusion and to perform random sampling of water quality of one test chamber per treatment 

on all other test days as to not significantly disturb the test environment daily. Our SOPS clarify 

these methods. If, however, a water quality issue is observed, then all test chambers would be 

assessed for water quality measurements until the problem was eliminated. 
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3.3.2.1.1 Dry Sample Test Conditions 

After 1 and 20 days of.''wetV or "flooded" conditions, or those in which the dry sediment samples 

were overlaid with water, one dry sample test chamber. from each temperature regime 

(e.g., winter and summer) will be disassembled. Within overlying water and pore water of these 

test chambers, both dissolved and total fractions of mercurylmethyl mercury, dissolved organic 

carbon (DOC), ammonia, and dissolved sulfides will be analyzed. Sediment from the two test 

chambers will be submitted for grain size analysis, total solids, TOC, and rnercurylmethyl 

mercury analysis. Specifically, water and sediment from each the test chambers will be removed, 

placed on ice, and submitted to the appropriate analytical laboratory for the analyses listed above. 

Sediment pore water will be collected by centrifugation at 1,700 relative centrifugal force (x g) 

for 30 minutes at 4OC and analyzed for total ammonia nitrogen by EPA Method 350.3 by the 

WESTON's Carlsbad, California laboratory. The 28-day holding time requirements for mercury 

analyses will be initiated upon collection of sediment from test chambers. 

Direct sediment, pore water, and overlying water measurements will be recorded on days 0, 9, 

and 19 of the experiment. In addition, diffusive gradient thin-films (DGT) sediment probes 

(DGT Research Ltd, Skelmorlie, Quernmore, Lancaster, UK) on the same schedule will be 

inserted in sediment in dry sample test chambers from each of the two temperature regimes 

according to the protocols developed by Davison and Zhang (1994). Specifically, where 

concentration gradients exist, the DGT sediment probes, comprised of an ion exchange resin 

imbedded within an ion permeable gel and filter, allow for the diffusion of rnercurylmethyl 

mercury ions from the surrounding sediment matrix onto the resin within the probe, where they 

become fixed. As a consequence, following deployment of this probe in sediment, the fluxes and 

concentrations of mercurylmethyl mercury in sediments as well as the bioavailable fraction can 

be determined. The probes will be retrieved 24 hours after placement, rinsed, stored in nitric acid 

(1 molar) for 24 hours and then submitted to the analytical laboratory for analysis of 

rnercurylmethyl mercury. 
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Overlying water will then be removed from the remaining 10 dry sample test chambers (5 held 

under summer conditions and 5 held under winter conditions) and the top portion of sediment 

(to 2 cm deep at the maximum) will be allowed to dry for 1 week. The depth of sediment drying 

will be determined by evaluating surrogate sediment test chambers throughout the drying period. 

At this time, a sufficient volume of Upper Reservoir water will again be added to each sediment 

test chamber as to allow for significant oxygen exchange between the sediment and water layers. 

The remaining dry sample test chambers will be held for 3 weeks in the same manner described 

above for the first 3 weeks of this experiment. The DGT sediment probes will again be added to 

each test chamber prior to the addition of water and will be sampled at days 1, 10, and 20 of the 

experiment, and removed and analyzed as described above. In addition, after 1 and 20 days of 

"reflooded" conditions, one dry sample test chamber from each temperature regime (winter, 

summer) will be disassembled. Overlying water and pore water will be analyzed for dissolved 

and total fractions of mercurylmethyl mercury, DOC, ammonia, and dissolved sulfides. Sediment 

from the two test chambers will be submitted for grain size analysis, total solids, TOC, and 

mercurylmethyl mercury analysis. Specifically, water and sediment from each the test chambers 

will be removed, placed on ice, and submitted to the appropriate analytical laboratory for the 

analyses listed above. 

3.3.2.1.2 Wet Sample Test Conditions 

After 1 and 20 days of "wet" or "flooded" conditions, one wet sample test chamber from each 

temperature regime (winter, summer) will be disassembled. Within overlying water and pore 

water of these test chambers, both dissolved and total fractions of mercurylmethyl mercury, 

DOC, ammonia, and dissolved sulfides will be analyzed. Sediment from the two test chambers 

will be submitted for grain size analysis, total solids, TOC, and mercuryhethyl mercury 

analysis. Specifically, water and sediment from each the test chambers will be removed, placed 

on ice, and submitted to the appropriate analytical laboratory for the analyses listed above. 

Direct sediment, pore water, and overlying water measurements will be recorded on days 0, 9, 

and 19 of the experiment. In addition, DGT sediment probes on the same schedule will be 

inserted in sediment in dry sample test chambers from each of the two temperature regimes as 
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described above. Probes will be retrieved 24 hours after placement, rinsed, stored in nitric acid 

(1 molar) for 24 hours, and then submitted to the analytical laboratory for analysis of 

mercurylmethyl mercui-y. 

3.3.3 Surface Water Sampling (Phase 1/11) 

In addition to the sediment cores, an overlying water sample will be collected prior to sediment 

sampling from the Upper Reservoir to provide a baseline of the mercury and methyl mercury 

concentrations during both phases of this investigative program. The sample will be collected at 

1 ft above the sediment surface using a Nisltin bottle. If the water depth is less than 5 ft, a grab 

sample will be collected using a sampling bucket. The sample will be submitted for laboratory 

analysis of dissolved sulfides by Method SM4500S2D7 dissolved and total mercury by EPA 

Method 163 1, and methyl mercury by EPA Method 1630. Water samples will be collected, 

maintained on ice, and shipped each day to the analytical laboratory to maintain the 48-hour 

holding time required for dissolved mercury. Dissolved mercury samples will be filtered by the 

subcontracted laboratory (Brooks Rand). Table 3-1 summarizes the number of surface water to 

be collected as part of each phase. Sample collection, preservation, and shipping methodologies 

and procedures are further defined in Sections 4 and 5 of this document. 

3.3.4 Use of Clean Techniques 

To minimize cross-contamination during the sampling process, clean techniques will be followed 

using the guidance of EPA Method 1669 (EPA 1996), a method designed to reduce 

contamination during collection, transport, and analysis (Attachment 1). Samples will be 

collected in a sequence that precludes contamination of water samples with sediment, or in the 

case of mercury sampling, atmospheric particulates (i.e., from exhaust). Specifically, the 

sequence of sampling events will involve the measurement of water quality (i.e., temperature, 

conductivity, dissolved oxygen, etc.), then the collection of a water sample by grab sample 

(or niskin bottle), and finally the collection of sediment by piston core sampling. In addition, 

clean techniques will be employed as briefly described here. Prior to sample collection, all 

equipment will be cleaned according to standard techniques and anything not known to be clean 
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will be considered "dirty". Field collection will be conducted using cleaddirty hands techniques 

with one person being designated the "clean" hands sampler and another being the "dirty" hands 

sampler, according to. EPA Method 1669. In addition, equipment used will not contain metal 

parts, no-talc clean gloves will be used and field reagent equipment blanks will be collected. 

Additionally, the sampling site will be approached from downstream or downwind, and the 

sample will be taken facing upstream or upwind. 

3.4 QUALITY ASSURANCEIQUALITY CONTROL SAMPLING 

Quality control samples will be collected in the field as identified in Subsection 2.3. A summary 

of all routine field and QAIQC samples by sampling program is provided in Table 3-1. 

3.4.1 Equipment Rinsate Blanks 

Equipment rinsate blanks will be collected to verify that all sampling equipment is free of 

constituents of concerns. Laboratory-certified analyte-free water, provided by the off-site 

laboratory, will be poured over new or decontaminated sampling equipment. Equipment blank 

sampling will be conducted at a frequency of once daily or 1 rinsate per 20 primary samples 

(whichever is less) and analyzed for duplicate parameters sampled for that sampling program. 

3.4.2 Field Duplicates 

Field duplicate samples will be collected by compositing a sufficient sample volume to provide 

twice the normal volume of sample. The volume will be distributed evenly between the primary 

and duplicate sample containers. The duplicate sample will be containerized, labeled, 

documented, and shipped as a separate sample from the primary sample with the only difference 

being the addition of the QC field (-2) to the end of the sample identifier to indicate that it is a 

duplicate sample. Field duplicate samples will be collected at a frequency of 1 per 20 primary 

samples. 
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3.4.3 Matrix SpikeIMatrix Spike Duplicate Samples 

The MSIMSD samples consist of a primary sample with additional soil volume for conducting 

laboratory QA analysis. Additional well homogenized soil volume is included with the sample 

submittal so that the laboratory can spike the sample with controlled concentrations of specified 

analytes to determine the effect the soil matrix has on analytical detection or recovery 

percentages. The MSIMSD samples are submitted by collecting triple the matrix volume from a 

sample location, submitting the sample with the primary sample identifier label on all the sample 

jars, and noting a request for MSIMSD sample analysis on the COC (Indicate MS/MSD request 

in notes column of COC). The MSIMSDs will not be chosen from sample locations of possible 

high levels of COCs. A frequency of 1 per 20 primary samples will be employed for collection of 

MSIMSD samples. 

3.4.4 Temperature Blank 

One temperature blank, consisting of reagent grade water, will be included in each cooler 

containing samples to document sample temperature upon arrival at the laboratory. 

3.5 ANALYTICAL RESULTS EVALUATION 

3.5.1 Test Pit and Sediment Focus Area Analytical Results 

Mercury analytical data gathered from the test pitting and focus area investigative programs are 

driven by the anticipation of remedial activities occurring in areas identified and/or delineated by 

these samples. Further assessment, investigation, and/or remediation will be performed in each 

area to address locations that exceed project cleanup criteria which is outlined in detail in 

Table 3-1 of the QAPP. 

3.5.2 Upper Reservoir Analytical Results (Phase I) 

Mercury and methyl mercury analytical results gathered during Phase I of the Upper Reservoir 

Study will be utilized as a means to horizontally and vertically delineate mercury-impacted 
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sediments. While these data may be used in the future to direct remedial actions, the primary use 

of these data will be the selection of sediment core locations for the Mercury Flux Investigation. 

3.5.3 Upper Reservoir Analytical Results (Phase II) 

This study will examine the flux of mercury and methyl mercury from sediments into the water 

column under different physical regimes to estimate potential contribution of sediment- 

associated mercury and methyl mercury to the water column in the Upper Reservoir. The 

analytical results from this study will assist in the estimation of contribution of mercury from the 

Upper Reservoir and SBAC and/or NBAC to the Lower Reservoir. Data can also be used to 

assess variations in mercury and methyl mercury contributions related to the changing seasons 

and changing water levels that are anticipated to occur in the future 

G:\PROJECTS\20173009\006 ATLANTIC CITY NAS\PLANS\FINAL FSP - STAKEHOLDERS\FINAL-STAKEHOLDER-FSP-REDLINE.DOC 31 JULY 2008 

3-18 



 

 

SECTION 4 
 

SAMPLING PROCEDURES 



Sampling and Analysis Plan 
Part-1 Field Sampling Plan  
Mercury Contamination at Area U 
Atlantic City Naval Air Station, Formerly Used Defense Site 
Egg Harbor Township, New Jersey  
 

G:\PROJECTS\20173009\006 ATLANTIC CITY NAS\PLANS\FINAL FSP - STAKEHOLDERS\FINAL_STAKEHOLDER_FSP_REDLINE.DOC 31 JULY 2008 
 4-1

4. SAMPLING PROCEDURES 

The procedure or portions there of outlined in this subsection is/are applicable to the following 

types of samples anticipated to be collected during investigative activities: 

 Source Area Investigation - surface water, sediment, sediment interstitial water, and 
groundwater samples 

 Source Area Investigation - test pit soil samples 

 Upper Reservoir Sampling - sediment samples 

 Upper Reservoir Sampling - surface water samples 

 Mercury Flux Sampling - solid samples 

 Mercury Flux Sampling - aqueous samples 

 Sediment Focus Areas - sediment samples 

 QA/QC Sampling - soil, sediment, and surface water 

In general, all environmental samples will be collected as outlined and in accordance with 

WESTON and/or approved vendor SOP, NJDEP Field Sampling Procedures Manual  

(NJDEP, 2005), Engineering and Design, Chemical Data Quality Management for Hazardous 

Waste Remedial Activities, ER-110-1-263 (USACE, 1998), USACE Requirements for the 

Preparation of Sampling and Analysis Plans, EM-200-1-3 (USACE, 2001) and EPA Guidance 

for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (EPA, 1988) 

Specific sample containers and preservations will be used according to Appendix I of the 

USACE Requirements for the Preparation of Sampling and Analysis Plans, EM-200-1-3 

(USACE, 2001) and analytical method requirements. Table 5-1A and B in the QAPP details the 

required sample containers and preservation techniques for all of the analyses to be performed 

during this project. 
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4.1 SURFACE WATER SAMPLES  

At each proposed sampling location, samples will be collected using dedicated sample containers 

and collected directly from the surface water body. Based upon the generally shallow water 

depths within the SBAC and meanders, samples will be collected by partially submerging the 

sample containers. Sample bottles will be triple rinsed prior to sample collection. Samples will 

be collected by facing upstream and collecting samples in a downstream to upstream order to 

minimize potential disturbance of creek bottom sediments. Standard Operating Procedures for 

surface water sampling provided in Attachment 1 will be followed. Each surface water sample 

(total and dissolved) will then be packaged, documented on the COC, and shipped in accordance 

with procedures outlined in Sections 5 and 6. All samples will be shipped to the laboratory 

(Brooks Rand) where the dissolved aliquot will be filtering with a 0.45-micron filter and 

subsequent analysis. 

4.2 INTERSTITIAL SEDIMENT PORE WATER SAMPLES 

Following the receipt of surface water sampling results, locations for interstitial sediment pore 

will be selected and the samplers installed. Site conditions such as depth of water and sediment 

conditions will also dictate the locations for installation of each sediment pore water sampler. 

The collection of sediment pore water will involve the construction of a specialized sampling 

device (see Attachment 1 for diagram of typical construction) and its installation. The seepage 

meters will be constructed from new 55-gallon drums fitted with brass nipples. Each meter will 

be pushed into the sediment until the top of the meters is 1 to 2-inches above the top of the 

sediment surface. Once installed, all surface water within the seepage meter will be evacuated 

through the fittings by a peristaltic pump and narrow diameter tubing. Following a 48 hour 

equilibration period, a deflated polyethylene bag will be installed on the brass fitting. Pore water 

flux will be measured by measuring the volume of water collected in the bag versus a known 

period of time. Each pore water sample will then be packaged, documented on the COC, and 

shipped in accordance with procedures outlined in Sections 5 and 6. 
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4.3 GROUNDWATER SAMPLES VIA TEMPORARY WELL POINTS 

Pending review of analytical results and identification of impacted surface water, groundwater 

sampling will be conducted along the banks of the creek on either side of the initial mercury 

detection. Samples will be collected via installation of temporary well points advanced every  

50 linear feet upstream to a point on the banks that is aligned with the closest “clean” upstream 

surface water or interstitial sediment water sample. Given this anticipated distribution, 10 well 

points will be installed along each creek bank. Each well point will be installed by advancing 

steel casing with expendable drive point and installing a length of 1-inch outer diameter PVC 

(pre-fabricated with 5-ft of 0.010-inch slot size screen at the bottom). The casing will be 

advanced with the expendable drive point to the appropriate depth, the pre-screened PVC well 

point will be installed into the borehole, and the casing will be extracted to allow natural sand to 

pack around the temporary well screen. Field purging, including the collection of field 

parameters, will be performed to remove silt and establish groundwater flow into the well 

following installation.  

Prior to sample collection, depth to water will be recorded from the temporary well. Samples will 

be collected by means of extraction via peristaltic pump or Waterra manual pump and associated 

polyethylene tubing. (see Attachment 1, NJDEP Method AGWST 3.00 for groundwater 

sampling with the use of a well point). Each groundwater sample will then be packaged, 

documented on the COC, and shipped in accordance with procedures outlined in Sections 5 and 

6. Well points will remain in place for less than 48 continuous hours. In addition, where feasible, 

an evaluation of the groundwater/surface water interaction at each location will be noted.  

4.4 TEST PIT SOIL SAMPLES 

Based on the results of mercury vapor screening and visual observations, the sidewall and/or 

floor of each test pit will be scraped with the excavator bucket to obtain material to be sampled. 

Samples will be collected from excavated material not directly contacting the bucket by scraping 

the surface layer away with a stainless steel spoon. A second stainless steel or disposable spoon 

will be utilized to collect the sample into a large stainless steel sampling bowl.  
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The soil will be homogenized completely by dividing the soil in the pan into four quadrants. 

Beginning with the upper left quadrant, each quadrant will be mixed into the adjacent quadrant 

in a clock-wise motion. Following homogenization, the sampling team shall place an aliquot of 

the combined sample into a clean, appropriately sized sample container for submittal to the off-

site laboratory. The sample will then be packaged, documented on the COC, and shipped in 

accordance with procedures outlined in Sections 5 and 6.  

The procedures and methodologies that will be utilized during the test pit investigation for 

lithology descriptions, mercury head space screening, and decontamination activities have been 

outlined in detail in Subsections 4.6, 4.7, and 4.13, respectively. 

4.5 UPPER RESERVOIR SEDIMENT SAMPLES 

Station locations will be navigated to using the ProXRS GPS unit described in Subsection 3.3.1. 

Once the sampling location has been navigated to, the location will be logged using the ProXRS. 

Logging will be conducted in accordance with the NJDEP GPS Data Collection Standards for 

GIS Data Development document (NJDEP, 2007). To maintain station location, the boat will be 

anchored prior to collecting sediment cores. Upon deployment of the piston core, station 

locations must be maintained or the piston core sample with be compromised and will be 

resampled. Vertical definition cores will be collected using a piston core equipped with a pre-

cleaned 3-inch inner diameter (ID) rigid polycarbonate sampling tube attached to the sampler 

head. A piston core is a manually operated collection device capable of collecting cores up to 8 ft 

(2.4 meter) long and in 25 ft (7.6 meter) of water. Each core will be collected utilizing the 

following procedures: 

1. Prior to piston core sample collection, a 0.5 inch PVC rod will be used to manually 
probe the area prior to sampling to determine the best sampling location within a 
given area and whether to expect full core penetration. 

2. The piston cord will be fed through the leading edge of the core tube up through the 
sampler head. The piston will be set approximately 0.5 inch inside the leading edge of 
the core tube by drawing the attached cord taut.  
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3. The polycarbonate sampling tube will be gently back-filled with site water to prevent 
movement of the piston (due to hydrostatic pressure as the core tube is lowered 
through the water column). Once filled, the core tube will gently be lowered through 
the water column until the leading edge makes contact with the sediment surface. 

4. The piston cord will be tied off to a stable cleat onboard the sampling platform to 
prevent movement during sampling.  

5. The polycarbonate sampling tube will be manually advanced (e.g., direct push and/or 
slide-hammer) into the sediment using a long rigid aluminum handle attached to the 
sampler head.  

6. Once the desired sampling depth is attained or refusal encountered, the sampling cord 
will be unfastened from the cleat and attached at a fixed point on the sampler handle 
prior to sample recovery. Refusal is defined as less than 2 inches of penetration per 
minute. Hard objects may be present and can impede penetration. If refusal is 
encountered, the sample location will be slightly moved and a second core attempted. 
If refusal is encountered again, additional cores will not be attempted unless 
operational problems are suspected.  

7. The piston core along with the poly sampling tube will be extracted from the 
sediment by hand. During extraction, the piston will create a vacuum seal preventing 
loss of sediment and minimizing sediment disturbance upon retrieval.  

8. Upon retrieval to the sampling platform, the poly sampling tubes will be detached 
from the piston, sealed with end caps, placed vertically in a core rack, and labeled. 

9. After allowing the core to settle for approximately 20 minutes, the core will be 
logged (noting stratigraphy, changes in color, odor, benthic activity, etc.) and 
photographed. Water overlying the sediment within the core tube will be drained by 
drilling a hole in the tube 1 cm above the water/sediment interface.  

10. After core collection, the percent recovery will be examined, and if it is below 80% at 
a minimum, the core will be discarded and the core recollected.  This criteria will 
vary, however, depending on the grain size distribution (i.e., lower recovery would be 
expected with coarse-grained sediments).   

11. Sediment cores will be sectioned into 1-ft depth horizons using a small hand held saw 
and then capped. During all stages of sample handling and processing, care will be 
taken to ensure that core samples are maintained in a vertical position. 
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Cores being processed as part of the Upper Reservoir study (Phase I and Phase 11) will be 

packaged whole, documented on the COC, and shipped in accordance with procedures and 

requirements outlined in Sections 5 and 6. 

The procedures and methodologies that will be utilized during decontamination activities are 

outlined in detail in Subsection 4.13. 

4.6 UPPER RESERVOIR SURFACE WATER SAMPLES 

As part of the Upper Reservoir study, one surface water sample will be collected during each 

phase of the effort. Each water sample will be collected at 1 ft above the sediment surface using a 

Niskin bottle. A lead line will be used prior to sampling to determine water depth and help 

minimize sediment disturbance. If the water depth is less than 5 ft, a grab sample will be 

collected using a sampling bucket. The water sample will be transferred to the appropriately 

preserved containers, as summarized in Table 5-1B in the QAPP, for submittal to the off-site 

laboratory. The sample will then be packaged, documented on the COC, and shipped in 

accordance with procedures outlined in Sections 5 and 6. 

4.7 MERCURY FLUX INVESTIGATION SAMPLES-SOLIDS 

Solid samples will be collected at numerous stages during the Mercury Flux Investigation and 

submitted for laboratory analysis (see Figure 3-10). Prior to solid sample collection, the overlying 

water interval from each test chamber will be siphoned out using a peristaltic pump with Teflon 

tubing. 

The remaining solid matrix (sediment) will be removed from the test chamber using a stainless 

steel spoon and placed in a large stainless steel bowl. The sediment will be homogenized 

completely by dividing the material in the pan into four quadrants. Beginning with the upper left 

quadrant, each quadrant will be mixed into the adjacent quadrant in a clock-wise motion. 

Following homogenization, an aliquot of the sample will be placed into a clean, appropriately 

sizedlpreserved sample container as outlined in Table 5-1A in the QAPP for submittal to the 
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off-site laboratory. The sample will then be packaged, documented on the COC, and shipped in 

accordance with procedures outlined in Sections 5 and 6. 

4.8 MERCURY FLUX INVESTIGATION SAMPLES-AQUEOUS 

Aqueous samples will be collected at numerous stages during the Mercury Flux Investigation and 

submitted for laboratory analysis (see Figure 3-10 and text Subsection 3.3.3). The aqueous 

samples (overlying water) collected as part of the Mercury Flux Investigation will be collected by 

siphoning each sample out of the test chamber using a peristaltic pump with Teflon tubing. The 

sample will be placed into a clean, appropriately sized/preserved sample container, as outlined in 

Table 5-1B in the QAPP for submittal to the off-site laboratory. The sample will then be 

packaged, documented on the COC, and shipped in accordance with procedures outlined in 

Sections 5 and 6. 

4.9 SBAC SEDIMENT SAMPLES 

Sediment cores along the SBAC and its meanders will be collected utilizing a PVC driver with 

an attached 3-inch-diameter polycarbonate sampling sleeve. Sampling procedures utilized during 

PVC driver core collection and piston core collection are similar but on a smaller scale. Each 

sediment core will be collected following these procedures: 

1. A 4-ft length of 3-inch-diameter polycarbonate will be cut with a hand-held hack saw 
or battery powered sawzall. 

2. The polycarbonate sleeve will be slid into PVC driver and secured in place with 
screws to prevent movement of the sleeve. 

3. The stopper rope with attached clip will be lowered through the PVC driver and 
polycarbonate sleeve and clipped to the rubber stopper with a dedicated polyethylene 
sampling disk. 

4. The rubber stopper will be forced into the end of the polycarbonate sleeve and the 
stopper rope pulled taut. 

5. Utilizing a slam bar/post driver, the polycarbonate sleeve will be advanced into the 
sediment, while tension is kept on the stopper rope. 
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6. Upon reaching the required depth, the stopper rope is tied to the PVC driver, and the 
entire sampling device and core are manually extracted. 

7. Upon retrieval, the polycarbonate sleeve will be detached from the PVC driver, sealed 
with end caps, placed vertically in a core rack, and labeled. 

8. After allowing the core to settle for approximately 20 minutes, the core will be logged 
(noting stratigraphy, changes in color, odor, benthic activity, etc.) and photographed. 
Water overlying the sediment within the core tube will be drained by drilling a hole in 
the tube 1 cm above the waterlsediment interface. 

9. Sediment cores will be sectioned into 6-inch depth horizons using a small hand held 
saw and then each interval will be extruded into a large polycarbonate bowl.. 

The sediment will be homogenized completely by dividing the soil in the bowl into four 

quadrants. Beginning with the upper left quadrant, each quadrant will be mixed into the adjacent 

quadrant in a clock-wise motion. Following homogenization, the sampling team shall place an 

aliquot of the combined sample into a clean, appropriately sized sample container for submittal 

to the off-site laboratory. The sample will then be packaged, documented on the COC, and 

shipped in accordance with procedures outlined in Sections 5 and 6. 

The procedures and methodologies that will be utilized during each focus area investigation for 

lithology descriptions, head space screening, and decontamination activities have been outlined 

in detail in Subsections 4.6,4.7, and 4.13, respectively. 

4.10 SOIL DESCRIPTION METHODOLOGIESIPROCEDURES 

The following procedures will be used when describing soil: 

1. Screen for mercury vapors using a mercury vapor analyzer or equivalent instrument 
by measuring ambient air immediately adjacent to the soil or sediment. Note any 
elevated readings and their specific locations within the soil. 

2. Soil samples will be classified using the Burmister Classification System. Each soil 
type will be described as follows: color, primary grain size, secondary grain size, 
tertiary grain size, etc., density, plasticity/cohesiveness, and moisture content. Each 
grain size should be modified with its roundness. The fractions of the minor grain 
sizes are indicated using the following modifiers: trace (<5%), little (5% to 20%), 
some (20% to 35%), with (35% to 50%), and (approximately 50%). An example 
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would be: Olive brown, silt, little subangular gravel, trace fine to coarse subangular 
sand, trace clay, dense, cohesive, saturated. 

Record observations of: 

Angularity of the grains (i.e., rounded, sub-rounded, sub-angular, or angular) 
Shape of the grains (i.e., flat, elongated) 
Unusual odors 
Moisture content (i.e., dry, moist, wet, or saturated) 
Consistency (i.e., very soft, soft, firm, hard, or very hard) 
Cementation 
Note any apparent soil structure, such as layering or bedding 

3. Test a representative portion of the soil for dry strength, dilatency, toughness, 
and plasticity in accordance with the procedures outlined by the U.S. Department 
of Agriculture, Natural Resource Conservation Service Unified Soils Classification 
Sheet (Attachment 2). 

4. Record observations immediately into the field logbook. If different layers within the 
soil core have different characteristics, describe them separately, noting the depth at 
which the soil characteristics change. 

5. The field geologist should attempt to interpret the depositional environment 
(i.e., fill, lacustrine, fluvial, subglacial) of the soil observed. If possible, descriptive 
terms such as till, bar deposit, etc. may be added to the soil description in parentheses 
following the description. 

Photographs of, or measurements to, the sample locations will be taken as necessary. 

4.1 1 AMBIENT AIR MONITORING 

The specific locations for air monitoring will vary due to weather conditions and daily work 

activities; however, a minimum of four perimeter locations (north, south, east, and west) will be 

monitored during intrusive work. The monitoring of ambient air and implementation of 

engineering controls during active intrusive phases of work will help reduce the risk of exposure 

to the chemical constituents identified at the Site and will determine if contaminants are 

migrating off-site. All personnel operating the air monitoring instrumentation shall be fully 

trained and experienced in their uses and operation. The calibration and operation of the 

air monitoring equipment is discussed in detail in Subsection 4.12 and Attachment 3. 
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4.1 2 EQUIPMENT OPERATION AND CALIBRATION 

The field measurement equipment that may be required during investigative activities includes 

the following: 

LUMEX Mercury Vapor Analyzer 
Jerome Mercury Vapor Analyzer 
Micro-R Radiation Meter 
Thermo 580B Organic Vapor Monitor (or equivalent) 
YSI 6920 Water Quality Meter (or equivalent) 
Orion Dissolved OxygenITemperature Meter (or equivalent) 
Orion Temperaturelsalinity Meter (or equivalent) 

Manufacturer's instructions for proper use, calibration, and care of the equipment will be 

followed in the field. Calibration of equipment will be performed at the start of each sampling 

day, with calibration checks performed at a minimum at the end of each sampling day. 

The equipment will be used by qualified field personnel, experienced in their use, or by 

personnel under the direct supervision of qualified, experienced persons. The WESTON SOPS or 

the equipment operations manuals for each instrument listed above have been included as 

Attachment 3. 

Calibration and calibration checks shall be recorded in the field logbooks. 

4.13 DECONTAMINATION PROCEDURES 

All sampling equipment must be properly decontaminated prior to sample collection, between 

sampling locations, and following a sampling event. Decontamination of equipment is necessary 

to prevent cross-contamination between samples. In addition, rust should be removed from any 

part of the sampling equipment that may contact the sample. Dry decontamination will be 

employed for the excavation equipment and shovels which do not contact sample material; 

however, all shovels and equipment buckets which contact the sample will be wet 

decontaminated. Decontamination will occur between individual sampling locations. 
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The ASTM Standard D5088-02 Standard Practices for Decontamination of Field Equipment 

Used at Waste Sites is used as a guideline for this procedure. 

Any decontamination fluids not lost to evaporation will be collected and containerized. 

Procedures for decontamination of all other sampling equipment are as follows: 

1. Wash the equipment thoroughly with phosphate-free laboratory detergent and 
tap water. Use a brush to remove any particulate matter or surface film. If the 
sampling equipment was used to collect samples that contained oil, grease, or similar 
materials, it may be necessary to steam clean the equipment prior to washing with the 
detergent solution. If the field equipment cannot be cleaned using these procedures, it 
should be properly disposed. 

2. Rinse the equipment thoroughly with tap water. 

3. If the sampling equipment (teflon, polyethylene, or glass equipment only) is being 
used to collect samples for metals analysis, rinse the equipment with a nitric acid 
solution. 

4. Rinse the equipment with deionized water and allow to air dry. 

5. Wrap the equipment completely with aluminum foil to prevent contamination during 
storage and/or transport to the field. 

All dedicated stainless steel spoons will be washed with phosphate-free laboratory detergent and 

tap water followed by a deionized water rinse prior to coming in.contact with the sample. 

4.14 GLOBAL POSITION SYSTEM SURVEY 

Global positioning system equipment will be used to both layout and acquire position 

information for all sampling locations and other investigation programs. Specifically, a ProXRS 

or equivalent will be used for navigation and data collection as indicated in Subsection 3.3.1. 

The accuracy of this unit is generally sub-meter and is sufficient for layout and survey of all 

sample grids, transects, and sample locations. Should tree canopies obstruct the GPS signal, an 

extended prism pole will be used to obtain more accurate signals. If satellite coverage is 

intermittent within a certain area, triangulation from a known point may be necessary to collect 
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position data. All current and future coordinates are and will remain in New Jersey State Plane 

Coordinate System (NAD 83). 
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5. SAMPLE CHAIN-OF-CUSTODY AND DOCUMENTATION  

This section documents COC and sample documentation procedures.  

5.1 FIELD LOGBOOK 

The field logbook should enable the sampling activity to be reconstructed without relying on the 

collector's memory. Logbooks should be kept in the possession of the field member responsible 

for sampling activities or in a secure place during fieldwork. The following information should 

be recorded in the field logbook: 

 Name and title of author, and date and time of entry 

 Name and address of field contact 

 Names and responsibilities of field crewmembers 

 Names and titles of any site visitors 

 Sample collection method 

 Number and volume of sample(s) taken 

 Information concerning sampling changes, scheduling modifications, and change 
orders 

 Details/sketch of sampling location, including depth 

 Date and time of collection 

 Weather conditions 

 Field observations 

 Any field measurements made 

 Sample identification number(s) 

 Information from containers, labels of reagents used, water type (i.e., deionized) used 
for blanks, etc. 

 Sampling methodology 
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 Sample preservation 

 Analytical method to be performed 

 Sample distribution and transportation 

 Sample documentation (e.g., COC record numbers) 

 Decontamination procedures 

 Documentation for investigation-derived wastes (IDW) (e.g., contents and 
approximate volume of waste, disposal method) 

 Documentation of any scope of work changes required by field conditions 

 Signature and date (entered by personnel responsible for observations) 

 If not already, pages should be numbered consecutively 

5.2 VISUAL DOCUMENTATION 

Photographs will be taken as necessary to document on-going field activities. 

5.3 SAMPLE NUMBERING PROCEDURES 

The system for identifying and tracking the samples, associated field data, and the method of 

relating the data to the proper samples will be recorded in permanently bound and weatherproof 

logbooks and also in computer spreadsheet format maintained by the field team. Team members 

will record all information related to sampling procedures, time, field and weather conditions, 

unusual events, sample descriptions (including sample depth), instrument readings, and COC 

data. Field documentation will be done in indelible ink. 

Additional sample types, areas of origin, and sub sample types will be allocated as necessary. 



Sampling and Analysis Plan 
Part-1 Field Sampling Plan  
Mercury Contamination at Area U 
Atlantic City Naval Air Station, Formerly Used Defense Site 
Egg Harbor Township, New Jersey  
 

G:\PROJECTS\20173009\006 ATLANTIC CITY NAS\PLANS\FINAL FSP - STAKEHOLDERS\FINAL_STAKEHOLDER_FSP_REDLINE.DOC 31 JULY 2008 
 5-3

5.3.1 Routine Field Sample Numbering System 

AA-BB-CC-DDD-EE-FF-G 

The codes A through G are as defined as below: 

AA: Work Area: 

TR  West of Tilton Road 
SB  SB-41 Site 
S1 to S6 Sediment Focus Areas 1 to 6 
UR  Upper Reservoir 
NB  North Branch Absecon Creek 
SB  South Branch Absecon Creek 

BB: Sampling Phase 

DL Delineation 
P1 Phase I 
P2 Phase II  

CC: Type: 

TP Test Pit 
IW Interstitial Water 
GW Groundwater 
PC Piston Core Sediment 
LX Polycarbonate  Sleeve Sediment 
SW Surface Water 
DG Diffusive Gradient Thin Film (DGT) 
TS Test Chamber Solid 
TA Test Chamber Aqueous 

DDD: Location Identifier:  

Three-digit number (i.e., 001, 002, 003, 004,…010, 011, these sample numbers will be 
used sequentially for each test pit, sediment core, or transect. 
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EE: Sub Sampling ID at each location (location along transect/sample 1 or 2 
within test pit/or test chamber number) 

FF: Sampling interval at each location (depth interval shall be provided on the 
COC outside the sample identification column) 

 Delineation  

 Depths set for 0.5 ft sample intervals 

01 - Top sample interval (i.e., 0 to 0.5 ft) 
02 - Successive sample interval (i.e., 0.5 to 1.0 ft) 
03, 04, 05, …n, n+0.5…. - Successive sample interval. 

 Phase I Sampling  

 0.5 ft intervals for the first 1.0 ft of depth and 1.0 ft intervals for successive samples.   

50 - Top sample interval (i.e., 0 to 0.5 ft) 
51 - Successive sample interval (i.e., 0.5 to 1.0 ft) 
52 - Successive sample interval past one foot in depth (i.e., 1.0 to 2.0 feet) 
53, 54, 54, …n, n+1…. - Successive sample interval. 

Phase II Sampling 

Depths set for 1.0 ft intervals for successive samples.   

70 - Top sample interval (i.e., 0.0 to 1.0 ft) 
71 - Successive sample interval (i.e., 1.0 to 2.0 ft) 
72, 73, 74, …n, n+1…. - Successive sample interval. 

Samples with no specific depth interval will be annotated with “XX”. 

G: Quality Assurance/Quality Control Type 

1 = Primary Sample 
2 = Field Duplicate 

Examples 

TR-DL-TP-001-01-XX-1 
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West of Tilton Road, Delineation Sampling, Test Pit, Location No. 001, Sample No. 1, 
No specific depth interval, routine sample.  

UR-P2-SW-001-06-02-1 

Upper Reservoir, Phase II sampling of surface water, location 001, no sub sample ID, 
depth in water column is 0.5 to 1 ft below top of water, routine sample. 

NB-P2-TS-001-12-XX-1 

North Branch of Absecon Creek, Phase II sediment from location 001/test chamber 12, 
routine sample.  

5.3.2 Other Sample Numbering System: Equipment Blank Identification 

Equipment blank samples will be identified with sequential numbers by day of the field effort, 

followed by the six-digit date collected. 

AA-BBBBBB-CC 

AA:  EB = Equipment Blank 

BBBBBB: Date sampled. 

 Ex. 081005 was collected on 10 August 2005. 

CC:   Sequential numbering of each type of sample submitted on a daily basis. 

Ex. When two equipment blanks are submitted, append ”01” for the first EB and “02” for 
the second EB. 

Equipment Blanks:  EB-072205-01, EB-080405-02 
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5.4 SAMPLE DOCUMENTATION 

5.4.1 Sample Labels 

Sample labels and/or tags will be consistent with the requirements of Appendix F of USACE 

Requirements for the Preparation of Sampling and Analysis Plans, EM-200-1-3 (USACE, 2001). 

Field personnel will be responsible for identifying, labeling, providing proper preservation, and 

packaging samples to prevent breakage during shipment. 

Each sample will be labeled with the following information: 

 Project number and site name 
 Unique sample number 
 Sampling date and time 
 Initials of sampling technician 
 Method of sample preservation/conditioning 
 Analytical method to be performed 

5.4.2 Sample Field Sheets and/or Logbook 

The system for identifying and tracking the samples and associated field data will be recorded on 

both a computer generated spreadsheet and a permanently bound and weatherproof logbook 

maintained by the field team. Team members will record all information related to sampling 

procedures as specified in Subsection 5.1. Field documentation will be written in indelible ink. 

5.4.3 Chain-of-Custody Records 

Chain-of-custody records provide documentation of the handling of each sample from the time 

of its collection to its destruction. WESTON will initiate sample custody upon collection of 

samples. The COC forms will be placed in weatherproof plastic bags and taped to the inside lid 

of the cooler. The cooler will be sealed with custody seals. The COC forms will be used for 

recording pertinent information about the types and numbers of samples collected and shipped 

for analysis. Sample identification numbers will be included on the COC form to ensure that no 

error in identification is made during shipment. The COC procedures shall be performed in 
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accordance with Appendix F of USACE Requirements for the Preparation of Sampling and 

Analysis Plans, EM-200-1-3 (USACE, 2001). 

A sample is considered “in custody” if it: 

 Is in a person’s actual possession. 
 Is in view after being in physical possession. 
 Is locked up so that no one can tamper with it after having been in physical custody. 
 Is in a secured area, restricted to authorized site personnel only. 

5.5 GENERAL SAMPLE DOCUMENTATION PROCEDURES 

Prior to sample collection, labels will be affixed to sample containers using either transparent 

tape or self-adhesive labels. Indelible ink will be used for all logbooks, COC, and sample label 

entries. Documentation will conform to Appendix F of USACE Requirements for the 

Preparation of Sampling and Analysis Plans, EM-200-1-3 (USACE, 2001). 

5.6 CORRECTIVE ACTIONS FOR SAMPLE DOCUMENTATION 

All original data recorded in field logbooks, sample labels, COC records, and receipt for sample 

forms will be written in indelible ink. If an error is made, a single line should be drawn through 

the entry and the entry initialed and dated. The erroneous information should not be obliterated. 

The person who wrote the entry should correct any errors found in documentation.  
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6. SAMPLE SHIPMENT 

6.1 SAMPLE SHIPMENT VIA CONTRACTED COURIER 

If samples are to be transported via Federal Express or a similar shipping method, each sealed 

container will need to comply with the following shipping requirements. Sample jars and cores 

will be placed in leak-proof plastic bags and placed in containers compatible with the intended 

analysis and properly preserved prior to relinquishment/shipment to the laboratory. Strong 

thermal ice chests will be filled approximately 3 inches with inert material, such as asbestos-free 

vermiculite. Samples or cores will be placed on top of the vermiculite and then ice/gel packs will 

be placed adjacent to the bagged samples to maintain the sample temperature at 4ºC. Every 

attempt will be made to ensure that sediment cores are shipped in an upright vertical position. 

Bubble wrap or packing peanuts will be utilized to fill the interstices around the samples and to 

fill the remaining space in the cooler. Vermiculite will not be used. A COC form will be placed 

in a waterproof plastic bag and taped to the inside lid of the cooler. Ice chests will be taped shut 

with strapping tape, wrapped around the cooler in at least two places. Tape will also be put over 

the drain plug (if present) to prevent leaking. Ice chests will be sealed with numbered and signed 

custody seals. Custody seal numbers should be included on the COC and logged in the field team 

sample logbook. This packaging and shipment is in accordance with EPA protocol. Prior to 

shipment, a QC check will be performed to ensure samples have been properly identified and 

packaged, and that appropriate documentation (COC) will accompany them.  

6.2 SAMPLE DELIVERY TO CONTRACT LABORATORY COURIER 

Samples that are delivered to the off-site laboratory or relinquished to a laboratory courier shall 

be placed in appropriate transportation containers and preserved as required. Samples should be 

packed in such a manner as to minimize the possibility of sample container breakage. Every 

attempt will be made to ensure that sediment cores are couriered in an upright vertical position. 

Samples provided to an off-site laboratory courier must be sealed with a numbered and signed 

custody seal. Custody seal numbers should be included on the COC and logged in the field team 
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sample logbook. The COCs should be transferred to the laboratory using the appropriate 

relinquishment procedures, but do not need to be placed in the transportation container. Prior to 

shipment, a QC check will be performed to ensure samples have been properly identified and 

packaged, and that appropriate documentation (COC) will accompany them. 

All samples will be sent to the following analytical laboratory: 

Attn: Colin Davies 
Brooks Rand Labs 
3958 6th Avenue Northwest 
Seattle, Washington 98107 
Phone number: (206) 228-1778 

Brooks Rand will be subcontracting the TOC, grain size, total and dissolved sulfides analyses to 

Analytical Resources, Inc. (ARI) located in Tukwilla, Washington. ARI is a National 

Environmental Laboratory Accreditation Conference-accredited and New Jersey certified 

laboratory. 
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7. INVESTIGATION-DERIVED WASTES 

Investigation-derived waste materials generated during site activities [e.g., decontamination 

fluids and personal protective equipment (PPE)] will be managed as potentially special or 

hazardous waste.  

All decontamination fluids will be collected and containerized in a single drum if possible based 

on volume generated. A single representative sample will be collected and analyzed for possible 

off-site disposal. The PPE worn during sampling and decontamination activities will be 

containerized and sampled to determine proper disposal method. This sampling will only occur if 

the decontamination fluids are found to be hazardous waste. The PPE will be sampled by cutting 

representative samples from each of the type of PPE generated (i.e., gloves, tyvek, booties) and a 

composite sample will be submitted for analysis.  

In addition, liquid and solid wastes will also be segregated based upon the potential for relatively 

high or relatively low contaminant concentrations based upon the best available field screening 

information and visual observations made at the time of IDW generation. Mercury vapor 

analyzer results coupled with the possible observation of elemental mercury and any other 

relevant information will be used to make these determinations. 

All IDW drums will be labeled identifying the generator, site location, and potential contaminant 

(mercury). Disposal options will be determined pending receipt of disposal characterization 

results. All IDW that is determined to be characteristic hazardous waste will be disposed of in a 

hazardous waste landfill and consistent with all local, state, and federal guidelines. All other 

waste generated will be disposed of in an appropriate manner. 

Drums containing IDW will be stored in a mutually agreed-upon secure location to be designated 

by FAA. 
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8. CONTRACTOR QUALITY CONTROL 

WESTON is required to ensure that quality is maintained throughout all fieldwork. WESTON 

will utilize experienced field personnel to perform all sampling. 

8.1 PREPARATORY PHASE 

The Site Contractor Quality Control (CQC) Officer will review all pertinent sections of the plans 

and specifications during the preparatory meeting to ensure that field personnel are cognizant of 

PQOs. The Site Manager and sampling team(s) will also review all work requirements, examine 

all materials and equipment, examine work areas, and demonstrate all field activities. If new 

sampling personnel arrive on-site during the work effort, the Site CQC Officer must repeat this 

phase before new personnel begin work. The Site CQC Officer is also responsible for overseeing 

each step of work as it is initiated and for continued daily contract compliance throughout 

completion of the project. 

8.1.1 Project-Specific Checklist 

The field equipment list includes the following: 

 FSP  
 Field logbook 
 Example tables for recording all data 
 Decontamination materials (if needed) 
 PPE  
 Sample collection equipment 
 Sample containers labels  
 Examples of completed sample shipping documents 
 Sample containers 
 COC forms 
 Custody seals 
 Sample shipping containers 
 Sample packing materials 
 Sample preservatives 
 Laboratory information 
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Checklist of activities: 

 Review PQOs and specific analytical method, including required sampling, sample 
holding, and analysis requirements. 

 Review FSP. 

 Review decontamination procedures. 

 Review sample custody forms. 

 Review sample numbering system. 

 Review field logbook documentation requirements. 

 Discuss analytical test methods. 

 Review sampling techniques. 

 Review sampling activities for compliance with this plan. 

 Review sample labels and COC forms for accuracy, completeness, and consistency. 

 Oversee sample packaging and shipping. 

 Inspect field notes. 
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9. DAILY CHEMICAL QUALITY CONTROL REPORTS 

9.1 DAILY QUALITY CONTROL REPORTS 

9.1.1 Field Activities 

The Daily Chemical QC reports will be incorporated into the daily inspection and daily 

construction QC reports. These reports will be completed and submitted to USACE as required. 

9.1.2 Laboratory 

The QC reporting requirements for laboratory reporting are addressed in Sections 8 and 10 of the 

QAPP. The QC information will be submitted together with the analytical data packages.  

No additional QC reports will be required.  

9.2 DEPARTURE FROM APPROVED PLANS 

WESTON will document and report all major departures, if any, from approved plans. The 

report will address the following: 

 Reasons for departures 
 Problems identified 
 Corrective actions 
 Effect of the departure on scope and results 
 Instructions from USACE personnel for resampling and/or reanalysis 

These reports of major departures from approved plans will be sent to the Contracting Officer’s 

Representative within 48 hours of the occurrence. 

9.3 DATA REPORT TO THE QUALITY ASSURANCE LABORATORY 

No QA samples will be collected as part of this investigative effort. 
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10. CORRECTIVE ACTIONS 

10.1 FIELD CORRECTIVE ACTION  

Field personnel have initial responsibility for monitoring the quality of field measurements and 

observations. The Site Manager will notify QC Management of any problems that occur that may 

jeopardize the integrity of the project or cause any project objective to not be met.  

An appropriate corrective action will be developed and implemented. The Site Manager will 

document the problem, including the cause, the corrective action, and results in the field 

logbook. Copies of the logbook will be provided to the Project Manager, Site CQC Officer, and 

QC Management.  

10.2 LABORATORY CORRECTIVE ACTION  

The laboratory analyst has initial responsibility to monitor the quality of an analytical system. 

The analyst will verify that all laboratory-specific QC procedures are followed and that results of 

an analysis of QC samples are within acceptance criteria. This requires that the analyst assess the 

correctness of all of the following items as appropriate: 

 Sample preparation procedure 
 Initial calibration 
 Calibration verification 
 Method blank result 
 Laboratory control standard 
 Duplicate analysis 
 Fortified sample result 
 MS/MSD and surrogate recoveries 

If the assessment reveals that any of the laboratory-specific QC acceptance criteria are not met, 

the analyst must immediately assess the analytical system to correct the problem. The analyst 

notifies the appropriate supervisor and laboratory QA Coordinator of the problem and,  

if possible, identifies potential causes and corrective action. 
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The nature of the corrective action depends on the nature of the problem. For example,  

if continuing calibration verification is determined to be “out of control,” the corrective action 

may require recalibration of the analytical system and reanalysis of all samples since the last 

acceptable continuing calibration standard.  

When the appropriate corrective action measures have been defined and the analytical system is 

determined to be “in control,” the analyst documents the problem and the corrective action.  

Data generated concurrently with an “out-of-control” system will be evaluated for usability in 

light of the nature of the deficiency. If the deficiency does not impair the usability of the results, 

data will be reported and the deficiency noted in the case narrative. Where sample results  

are impaired, the laboratory QA Coordinator is notified and appropriate corrective action  

(e.g., reanalysis, etc.) is taken. If reanalysis cannot be conducted, re-sampling may be required. 

Other laboratory corrective actions are discussed in the QAPP. 
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11. PROJECT SCHEDULE 

The proposed project schedule is discussed in Section 2 of the WP and presented in Figure 2-2  

of the WP. 
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12. SAMPLING APPARATUS AND FIELD INSTRUMENTATION 

A list of the expected field equipment, containers, and supplies anticipated for this project is 

provided below. Not all equipment may be used. 

Field Equipment 

 First aid kit  
 Fire extinguisher 
 Eyewash station 
 Caution tape 
 Hazard signs 
 Camera 
 Duct tape 
 Film 
 Garbage bags 
 Indelible ink pens 
 Particulate Data Reduction Dust Meter 
 Paper towels 
 LUMEX mercury vapor analyzer  
 Orion water quality meters  
 Thermo 580 B Organic Vapor Monitor 
 Jerome mercury vapor analyzer 
 Logbooks 
 Razor knife 
 Sample containers provided by laboratory 
 Polyethylene sheeting 

Decontamination Equipment  

 Alconox 
 Deionized water 
 Tap water 
 Nitric acid 
 Scrub brush 
 Spray bottle 
 Steam cleaner 
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Personal Protective Equipment 

 Safety goggles 
 Ultra clean powder free vinyl gloves 
 Waders 
 Personnel floatation devices 
 Level C protective gear (as necessary) 
 Level D (and Level D modified) protective gear 

Sampling Equipment 

 Polycarbonate bowls 
 Bubble wrap or packing peanuts 
 Spades 
 Scoopulas 
 Peristaltic pump 
 Tape measures 
 Folding ruler 
 Hazard shipping labels 
 Cooler 
 Strapping tape 
 Shovel 
 Ice 
 Measuring tape 
 Site plans 
 Weatherproof notebook 
 Sample log forms 
 Ruggedized Tablet PC, Micro Printer and standard printer 
 Sample containers, including labels 
 Chisel 
 Sledge hammer 
 Piston Core 
 Global Positioning System 
 Boat 
 polycarbonate tubes 
 PVC driver 
 PVC driver supplies and spare parts 
 Post hole slam bar 
 Hack saw or sawzall 
 Utility knife 
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SURFACE WATER WET CHEMISTRY MONITORING 
STANDARD OPERATING PROCEDURE 

1. SURFACE WATER MONITORING 

1.1 RATIONALE 

Instructions presented in this section are for collecting representative wet chemistry  

surface water quality measurements from surface water bodies. Surface water bodies can be 

classified into two primary types: flowing and standing. Surface water monitoring can be 

performed from various depths of the water bodies using various techniques.  

1.1.1 Surface Water Monitoring Locations  

Due to the nature of the media, locations for surface water monitoring are restricted to locations 

within the water body under evaluation. However, variations of location within the water body 

may include depth, horizontal location, and time. Monitoring locations on this site will mirror the 

locations where laboratory analytical samples are collected. 

1.2 QUALITY CONTROL MONITORING 

1.2.1 Procedures 

Monitoring instructions for the most common techniques of surface water monitoring is 

presented in this section. Prior to sample collection, water body characteristics (size, depth) 

should be recorded in the field logbook. Monitoring should proceed from downstream locations 

to upstream locations so that disturbance related to monitoring does not affect water quality. 

When wading in a stream always collect the samples on the upstream side. In addition, if 

sediment samples are to be collected at the same locations as water samples, the water samples 

must be collected first.  
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1.2.2 Monitoring Equipment  

Every piece of monitoring equipment presents various disadvantages and advantages for its 

application. Due to the characteristics of the surface water on-site, including flow velocity,  

width of channels, depth, and tidal influences, the following monitoring equipment has been 

selected: 

 YSI 556 
 LaMotte 2020 Turbidimeter 

1.2.2.1 YSI 556 

YSI Equipment Summary 

Monitoring from shallow depths can be readily performed by merely submerging the monitoring 

device into the surface water so that all probes are surrounded by water. 

Monitoring Procedure 

 Turn the instrument on. 

 Submerge the probe in the surface water. 

 Allow the device to become acclimated with surface water. 

 Record pH and temperature readings in the field logbook once the readings become 
stabilized. 

 Remove the instrument from the surface water and rinse thoroughly with clean decon 
water.  

1.2.2.2 LaMotte 2020 

Turbidimeter Equipment Summary  

Monitoring turbidity from shallow depths can be performed by collecting the surface water you 

wish to analyze in a 10 milliliter (mL) bottle, placing it into the meter, and press run. 
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Sampling Procedure 

 Turn the instrument on. 

 Calibrate the instrument with the provided 10 nephelometric turbidity unit (NTU) 
glass bottle. 

 Submerge the 10-mL glass monitoring bottle in the surface water so that it becomes 
full of the surface water you wish to analyze. 

 Place a cap on the bottle and wipe the exterior with a paper towel to remove water 
from outside of the monitoring bottle. 

 Place the collected water bottle into the LaMotte Turbidity meter. 

 Press the Run button and wait for the instrument to provide the turbidity reading 
(NTU). 

 Record the turbidity measurement in a field logbook. 

 Pour out the surface water from the 10-mL bottle used to run the analysis and rinse 
thoroughly with clean decon water.  

1.2.2.3 Decontamination Procedures  

All equipment that will enter the water must be decontaminated prior to its entry. Pre-cleaned 

sampling equipment will be placed in plastic bags until immediately prior to use. During 

transport and storage, sampling equipment and sample bottles must be physically separated from 

engines/generators and all other sources of cross-contamination.  

1.2.2.4 Documentation  

Bound field logbooks should be used for the maintenance of field records. All aspects of sample 

collection and handling as well as visual observations shall be documented in the field logbooks.  

All entries in field logbooks should be legibly recorded, and contain accurate and inclusive 

documentation of an individual’s project activities. 
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SURFACE WATER SAMPLING  
STANDARD OPERATING PROCEDURE 

1. SURFACE WATER SAMPLING 

1.1 RATIONALE 

Instructions presented in this section are for collecting representative surface water samples from 

surface water bodies. Surface water bodies can be classified into two primary types: flowing and 

standing. Surface water samples can be collected from various depths of the water bodies using 

various techniques; however, all surface water samples collected from this site shall be collected 

from within 1-foot of the surface.  

1.1.1 Surface Water Sample Locations  

Due to the nature of the media, locations for surface water samples are restricted to locations 

within the water body under evaluation. However, variations of location within the water body 

may include depth, horizontal location, and time. 

1.1.2 Sample Collection 

The type of sample should be designated when selecting a sampling method. Surface water 

samples may be discrete or composite samples. A discrete (grab) sample is defined as a discrete 

aliquot representative of a specific location at a given point in time. The sample is collected at 

one particular point in the sample matrix. The representativeness of such samples is defined by 

the nature of the materials being sampled. Composites are samples composed of two or more 

specific aliquots (discrete samples) collected at various sampling locations and/or different 

points in time. Analysis of this type of sample produces an average value and can, in certain 

instances, be used as an alternative to analyzing a number of individual grab samples and 

calculating an average value. It should be noted, however, that compositing can mask the 

presence of contaminants by diluting isolated concentrations of analytes that may be present in 
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the environmental matrix. The discrete sampling method will be employed for surface water 

collection at the site. 

1.2 QUALITY CONTROL SAMPLING 

1.2.1 Procedures 

Sampling instructions for the most common technique for collecting surface water samples is 

presented in this section. Prior to sample collection, water body characteristics (size, depth) 

should be recorded in the field logbook. Sampling should proceed from downstream locations to 

upstream locations so that disturbance related to sampling does not affect sampling quality. 

When wading in a stream, always collect the samples on the upstream side. In addition, if 

sediment samples are to be collected at the same locations as water samples, the water samples 

must be collected first.  

The factors that will contribute to the selection of a sampler include the width, depth, and flow of 

the location being sampled, and whether the sample will be collected from the shore or a vessel. 

For a stream, channel, or river, the sample should be collected at mid-depth. For standing liquid, 

the sample should be collected just below the surface or at mid-depth. Specific sampling 

strategies may be altered depending on the contaminants of concern. For instance, when 

sampling for hydrocarbons or other light non-aqueous phase liquids, it may be better to sample at 

the surface. 

Once the sample is obtained, it should be transferred directly into the sample bottle. The 

sampling device should be decontaminated before the next sample is taken. Proper use of the 

sampling device chosen includes slow lowering and retrieval of the sample, immediate transfer 

of the liquid into the sampling container, and notation in the logbook of the depth at which the 

sample was collected. 

1.2.2 Samplers  

Every sampling technique presents various disadvantages and advantages for its application. For 

example, desired depth, tidal influences, sample disturbance, sample volume, chemical/physical 
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reactivity between potential contaminants and sampling tool materials, and ease of 

decontamination vary from technique to technique. Due to the characteristics of the surface water 

on-site, including flow velocity, width of channels, depth, and tidal influences, the following 

sampling technique has been selected: 

 Hand-held bottle 

1.2.2.1 Hand-held Bottle 

Applicability 

Filling the sample containers directly is advantageous when the sample might be significantly 

altered during transfer from a collection vessel into another container. This would affect samples 

being collected for volatile organic compound (VOC) analysis. Therefore, sample collection for 

VOCs, in addition to all other sample analyses, will be performed by filling the containers 

directly. The hand-held bottle is not applicable for samples required at depth. 

Method Summary and Equipment  

Samples from shallow depths can be readily collected by merely submerging the sample 

containers. 

Sampling Procedure 

 Spread new plastic sheeting on the ground at each sampling location to keep sampling 
equipment decontaminated and to prevent cross-contamination. 

 Submerge the sample container with the cap in place with minimal surface 
disturbance so that the open end is pointing upstream. 

 Allow the device to fill slowly and continuously use the cap to regulate the speed of 
water entering the bottle.   

 Retrieve the sample container from the surface water with minimal disturbance. 

 If the bottle is not full, remove the cap and use it to fill the remaining portion of the 
sample bottle. 
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 Verify that a PTFE liner is present in the cap. Secure the cap tightly. 

 Label the sample bottle with an appropriate sample label. Be sure to complete the 
label carefully and clearly, addressing all the categories or parameters. 

 Place filled sample containers on ice immediately along with the required trip blank, 
if analyzing for VOCs.  

 Record the information in the field logbook and complete the Chain-of-Custody form 
and field sheets. 

1.2.3 Sample Containers and Preservation Techniques 

1.2.3.1 Sample Containers 

Containers should be cleaned based on the analyte of interest. Samples should be collected and 

containerized in the order of the volatilization sensitivity of the parameters. A preferred 

collection order for some common parameters follows: 

(1) Volatile organics  
(2) Semi-volatiles 
(3) Pesticides and polychlorinated biphenyls 
(4) Total metals 
(5) Cyanide 
(6) Total Suspended Solids  

1.2.3.2 Sample Preservation  

Methods of sample preservation are relatively limited and are generally intended to retard 

biological action, and hydrolysis, and to reduce sorption effects. Preservation methods are 

generally limited to pH control, chemical addition, refrigeration, and protection from light. The 

sampler should refer to the Quality Assurance Project Plan for the appropriate preservation 

technique.  

1.2.4 Field Quality Control Sampling Procedures 

Field control samples are collected by the sampling team to determine whether the data are of 

suitable quality. They include blanks, replicates, and/or background (up gradient) samples. 
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Quality control samples are replicates collected by the sampling team for use by the primary 

laboratory.  

1.2.5 Decontamination Procedures  

All equipment that will enter the water must be decontaminated prior to its entry. Pre-cleaned 

sampling equipment will be placed in plastic bags until immediately prior to use. During 

transport and storage, sampling equipment and sample bottles must be physically separated from 

engines/generators and all other sources of cross-contamination.  

1.2.6 Documentation  

Bound field logbooks should be used for the maintenance of field records. All aspects of sample 

collection and handling as well as visual observations shall be documented in the field logbooks.  

All entries in field logbooks should be legibly recorded, and contain accurate and inclusive 

documentation of an individual’s project activities. 
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AGWST 3.00 
Alternative Ground Water Sampling Techniques Guide (July 1994) 

Title: Ground Water Sampling with the use of a Well Point (3/94) 

Method Number: AGWST 3.00 

Summary: 

A well point is a small diameter (1-2 inch) probe constructed of continuously wrapped stainless 
steel or wrapped stainless steel gauze screen over perforated carbon steel pipe. They may be 
used as a screening tool to collect ground water samples and piezometeric data to aid in the 
optimal placement of monitor wells. No filter or gravel pack is used in the installation. 

I PURPOSE AND SCOPE 

This document summarizes the minimum requirements for the temporary installation of well 
points and for the collection of ground water screening data for site investigations. Installation is
for temporary use (less than 48 hours). 

II METHOD OVERVIEW 

A. Tool 

The well point may be constructed in a variety of configurations with similar materials. 
They may be constructed of continuously wrapped stainless steel or wrapped stainless 
steel gauze screen over perforated carbon steel pipe. Slot size should be 0.010 inches or 
60 mesh to reduce fines in sample water (Figure I). 

Most units have a cast iron drive point for ruggedness which may be hexagonal in shape 
to prevent turning as extension pipe is added. The end will have a threaded coupling or 
open thread pipe for the connection of riser pipe. Their construction allows sample 
collection across the water table. The material of construction must meet the intended use
of the data. 

B. Applications 

1. Field screening tool to collect ground water samples and to estimate ground water 
flow directions to aid in the placement of monitor wells in unconfined aquifers (less 
than 48 hour placement). 

2. Installation can be temporary (less than 48 hrs.) or permanent use. If placed longer 
than 48 hours a well permit must be secured and placement must be in accordance 
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with the subsurface and percolating waters act N.J.S.A. 58:4A et seq and performed 
by a New Jersey licensed well driller. 

C. Capabilities 

1. Obtain samples from unconfined aquifers. 

2. Obtain samples across the water table to determine the presence of floating 
product. 

3. Small screen lengths can be used to sample specific intervals in the saturated zone. 

4. Capable of collecting samples to determine the vertical profile of contaminants in an 
aquifer. 

5. Sampling from confined aquifers provided; the upper aquifer is cased off and the 
casing is driven a minimum of two (2) feet into the confining layer. 

6. Can be used to estimate groundwater flow directions. Must remain in place for 24-
36 hours for stabilization prior to measurement. 

7. A comparison of the advantages and limitations for the use of well points are listed 
in Table I. 

III SAMPLING METHOD REQUIREMENTS 

A. Installation 

1. The well point can be placed with the use of a conventional hollow stem auger rig, 
slide hammer, jack hammer, rotary hammer or by hand; JETTING OF THE POINTS 
INTO PLACE IS NOT A NJDEP APPROVED PROCEDURE. 

2. The well point may be driven through the unsaturated zone only in known "clean" 
soils. Driving the well point through contaminated soil may carry some 
contamination with the point resulting in analytical sample results which are biased 
high. In contaminated unsaturated zones the well points must be placed with the aid
of a hollow stem auger. 

3. If the well point is to be installed in an oversized (20% larger than the well point) 
pre-drilled hole, the hollow stem augers or bull drive point must be advanced to a 
point which is just above the targeted sample zone. The well point is then placed in 
the hole and advanced beyond the bottom of the hole by hammering or pushing into
place. The use of pre-drilled holes will reduce clogging of well point screens when 
driving. 

4. After sample collection, the well point is removed by back hammering or pulling the 
tool out with the rig hydraulics. 

5. If the well point is to be left as a permanent installation, it must be constructed and 
permitted as per NJDEP monitor well requirements. 

6. If the well point is used for piezometeric data a survey mark must be made on top 
of the casing as a reference point for water level measurements. 

7. Caution must be used when using well points in areas of contaminated soil. Possible 
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cross contamination may be introduced to the screen as it passes through the zone 
of contamination. 

8. Installation of the tool is required to comply with all permit, license, sealing and 
grouting requirements as per Appendices I and II. Any tool left in the ground longer 
than 48 hours is considered a monitor well and therefore must comply with the 
permit, installation and license requirements for monitor wells. 

B. Sampling Procedures 

1. Development 

Development of a well point is not required except when performing vertical profile 
sampling. The well point must be developed by one of the standard methods used 
for well development prior to sampling. If an air lift development technique is used, 
the air outlet must be at a minimum of two feet above the screen. Operations must 
be continuous and not pulsed. The air lift pipe shall not be placed within the screen 
and only the double pipe method shall be used. 

2. Purging 

Purging of the well point is required. The procedure should follow the methodologies 
found in the May 1992 NJDEPE Field Sampling Procedures Manual for monitor well 
purging. 

3. Sampling 

The acquisition of ground water samples and piezometeric data must be performed 
by one of several recommended methods described in the May 1992 edition of the 
NJDEPE Field Sampling Procedures Manual. 

C. Quality Assurance/Quality Control 

1. Decontamination 

The well points and associated riser pipe must be decontaminated prior to 
installation using the following procedure: 

1. Remove all adherent soil material with a stiff wire brush. 

2. Wash well point and associated riser pipe and couplings with a laboratory 
glassware detergent. 

3. Rinse with potable water and/or steam clean. 

4. Rinse interior of well point and riser pipe with distilled and deionized ASTM 
Type II water. 

NOTE: For proper decontamination stronger cleaning agents are recommended when
the tool has been exposed to heavy contamination. This can be performed prior to 
step 2. 

2. Field Blanks 

Field blanks must be obtained in the same manner as the sample. The blank water 
must pass through all the sampling equipment then into the sample container. 
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The parameters and frequency for field blanks are designated in the May 1992 
edition of the NJDEPE Field Sampling Procedures Manual. 

3. Sampling Equipment 

A variety of equipment may be used to obtain samples from the well point. The 
NJDEPE Field Sampling Procedures Manual can be used as a reference for the 
selection of the appropriate sampling equipment and decontamination procedures. 

All sampling equipment must be decontaminated and dedicated to each sample 
point. 

4. Formation Types 

Well points can be installed in unconsolidated materials which are free of pebbles, 
cobbles and boulders. The presence of this material may damage the screen 
material or the well point. 

The soil texture and sorting will dictate the recharge rates of the well points. If the 
well point is driven through formations with high percentages of clay, clogging of the
screens may occur, impeding the entry of formation water into the well point. 

IV REFERENCES 

1. Ground Water and Wells. Johnson Division, UOP Inc.; St. Paul, Minn. 1982. p277-294 

2. Ground Water Manual - A Water Resources Technical Publication; U.S. Dept. of Interior, 
Bureau of Reclamation. Government Printing Office,Washington DC 1977 

Table I 

ADVANTAGES AND LIMITATIONS OF WELL POINTS 

ADVANTAGES LIMITATIONS

1. Capable of collecting ground water 
samples and piezometeric data 

2. Minimal cost of well points and riser 
pipe. Temporary installation (less 
than 48 hours) of multiple points. 

3. Materials are readily available so 
damaged components may be 
replaced at a reduced cost. 

4. Can be set in a gravel pack for 
permanent installation. 

5. Various lengths available (18-60 
inches) for monitoring specific zones 
of interest. 

 1. If driven to the desired zone through 
contaminated soil, well points may 
carry down contaminants. 

2. If driven in clay soils, slots may clog. 

3. In contaminated soils, soil plug at 
end of auger may contaminate well 
point as it is driven past the end of 
the auger. 

4. Cannot be used in soil with cobbles 
or boulders due to potential damage 
to point. 

5. Temporary installations yield a highly
turbid sample, therefore samples for 
various analytes may be biased high.
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Next

  

6. Able to collect split spoon samples 
during auger advancement prior to 
well point placement. 

7. Capable of collecting samples to 
determine vertical profile of 
contaminants in an aquifer. 

6. Cannot perform vertical profiles of 
aquifers. 

7. May require use of drill rig for 
installation. 

8. Formations with 20-30% silts and 
clay may not yield sufficient water 
for sampling and limit use of tool. 

 To report an environmental incident impacting NJ, call the Toll-Free 24-Hour Hotline 
1-877-WARNDEP / 1-877-927-6337 

 
  

 

site remediation program: srp home | srp info | homeowner | business | search | help 
department: njdep home | about dep | index by topic | programs/units | dep online 
statewide: njhome | my new jersey | people | business | government | departments | search 

Copyright © State of New Jersey, 1996-2004 
Department of Environmental Protection 
P. O. Box 402 
Trenton, NJ 08625-0402 
 
Last Updated: January 27, 2004  

 

Page 5 of 5

12/4/2007file://C:\DOCUME~1\delanot\LOCALS~1\Temp\N0CJ0EDU.htm



 To report an environmental incident impacting NJ, call the Toll-Free 24-Hour Hotline 
1-877-WARNDEP / 1-877-927-6337  

 
    

site remediation program: srp home | srp info | homeowner | business | search | help 
department: njdep home | about dep | index by topic | programs/units | dep online 
statewide: njhome | my new jersey | people | business | government | departments | search 

Page 2 of 3NJDEP SRP - Alternative Ground Water Sampling Techniques Guide : Fig 1 Wellpoint

12/4/2007http://www.state.nj.us/dep/srp/regs/agws/fig1well.htm



 

 

ATTACHMENT 2 
 

U.S. DEPARTMENT OF AGRICULTURE,  
NATURAL RESOURCE CONSERVATION SERVICE  

UNIFIED SOILS CLASSIFICATION SHEET 





 

 

ATTACHMENT 3 
 

WESTON SOLUTIONS, INC.  
EQUIPMENT STANDARD OPERATING PROCEDURES 

 

























































































































































































































































































































 

 

ATTACHMENT 4 
 

BROOKS RAND LABORATORIES CLEAN HANDS/DIRTY HANDS 
FIELD SAMPLING PROCEDURES 

 

 



 
 

 
 

3958 6th Ave NW  •  Seattle, WA 98107  •  T: 206-632-6206  •  F: 206-632-6017  •  www.brooksrand.com  •  brl@brooksrand.com 
 

 
Field Sampling Protocol Suggestions 

 
The following protocol is derived from EPA Method 1669: Sampling Ambient Water for Trace Metals at EPA 
Water Quality Criteria Levels (July, 1996). This brief summary is meant to be used as an overview and a 
reference. For more comprehensive instructions and a complete description of the proper methods for 
sampling ambient water for trace levels of metals, please refer to EPA Method 1669 (available for 
download at http://www.brooksrand.com/FileLib/1669.pdf)  

 
Gloves - Sampling personnel are required to wear clean, non-powdered gloves (made of polyethylene, 
latex, or PVC) at all times when handling sampling equipment and sample containers. Samples should be 
tested to show low levels of trace metals, especially mercury and zinc. Remember to change gloves in-
between each sample collected.  
 

 
Dirty Hands/Clean Hands - Upon arrival at the sampling site, one member of the sampling team is 
designated as “dirty hands” and the second member is designated as “clean hands”. 
 

“Dirty Hands” is responsible for all activities that do not involved direct contact with the sample. 
Examples of activities performed by “dirty hands” include: 

• Removal of the double-bagged sample containers from the cooler  
• Holding and opening of the outer ziplock bag   
• If only two samplers are available, then “dirty hands” should also be responsible for 

performing all necessary documentation. 
• Operation of any sampling apparatus involved in collection (peristaltic pump, grab 

sampling device) 
 

“Clean Hands” only performs operations involving direct contact with the sample. These activities 
include: 

• Opening and closing the inner ziplock bag 
• All direct handling of the sample container, including or attachment/detachment of  

sample container to  collection device 
• Transfer of the sample from the sample collection device to the sample container. 

 
Sampling - Whenever possible, samples are collected facing upstream and upwind of the sampling team. 
“Clean hands” should remove the sample container from the inner bag and reseal the inner bag in order 
to minimize potential contamination. 
 
Surface samples are collected using a grab sampling technique. This technique involves rapid submersion 
of the sample container, filling and capping the container while still submersed to minimize exposure to 
airborne contamination. Prior to its final filling, the sample container should be partially filled and rinsed 3 
times. 

 
Note that some methods, such as EPA Method 1632 for arsenic speciation, require that samples be 
preserved in the field. For these methods, Brooks Rand Labs can include the proper amount of the 
appropriate preservative in each sample container. Sample containers with preservative must not be 
submerged or rinsed prior to sample collection. Instead, tip the top lip of the container gently below the 
water surface so that the preservative remains at the bottom container while filling. Alternatively, you may 
use a second container (tripled rinsed with the native sample) without preservative to serve as a sample 
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collection container. After collection, pour the sample from the non-preserved container into the container 
with preservative. 
 
All sample containers should be completely filled to minimize contact with the atmosphere, and should 
immediately be tightly capped. Again, prior to its final filling, the sample container should be partially filled 
and rinsed 3 times. 
 
Sample containers should be filled to minimize contact with the atmosphere and tightly capped 
immediately. While “dirty hands” holds open the outer ziplock bag, “clean hands” opens the inner bag, 
returns the filled sample container to the inner bag, and reseals the inner bag. “Dirty hands” then reseals 
the outer bag and places the sample in the cooler. 
 
 

Sample Handling Notices 
 

Coolant Materials: For analysis requiring samples to be kept cold (0-4ºC) until lab preservation and/or 
analysis, please either pack the samples in crushed ice or refrigerate them immediately after collection. 
Then pack the samples with an abundant amount of crushed ice when shipping them to Brooks Rand. 
Please bag the ice to prevent leakage from the cooler. Do not use “blue ice” as it will not effectively keep 
samples at the proper temperature for the analyses.   
 
Note that if water samples are only to be analyzed for low-level mercury (by EPA Method 1631), samples 
are no longer required to be kept at 0-4ºC until preservation. EPA Method 1631 now allows samples to be 
shipped at ambient temperatures and then preserved with BrCl in the lab within 28 days of collection. 
 
Samples Requiring Filtration: All samples requiring filtration for dissolved analyses MUST be filtered within 48 
hours of collection and kept at 0-4ºC prior to filtration.   
 
Custody Seals: Two custody seals are included with each bottle shipment. Custody seals are intended for 
the outside of the cooler/package. If you would like to seal the sample itself, do not place the custody seal 
directly on the bottle. Instead, place the custody seal directly over the ziplock mechanism of the inner 
ziplock bag containing the sample. 
 
Field Preservation: Brooks Rand typically ships sample containers empty, but some methods, such as EPA 
Method 1632 for arsenic speciation, require that samples be preserved in the field. In other cases, overnight 
shipping of the samples to Brooks Rand may not be feasible. In such cases, Brooks Rand includes the proper 
amount of the appropriate preservative in each sample container, which will be clearly marked as 
containing preservative (typically HCl). The sample container must not be rinsed prior to sample collection 
when the preservative is included in the sample container.   
 
HDPE and FLPE Bottles: Please be aware that when collecting samples for both mercury and for other 
metals two bottle types will be sent that look very similar. To tell the difference between the two, look at the 
imprint on the bottom of the bottle, which can be seen through the ziplock bags. HDPE bottles are 
intended for all other metals besides mercury. FLPE bottles are for mercury and methyl mercury only. 
 
Water Sample Field Blanks: If field blanks are to be collected, an additional bottle (usually 1-L for THg) will 
be included with the sampling kit. The bottle will be labeled “Reagent Water for Field Blanks”. The contents 
of this bottle should be decanted into the appropriate sample container (usually a 250-mL bottle for THg) at 
the same time and location that the other samples are being collected. The filed blank should be treated 
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as if it were a field sample. As with all sample collection, the sample bottle (usually a 250-mL bottle for THg) 
should be rinsed three times with the supplied reagent water before the collection field blank sample. 
 
Trip Blanks: Trip blanks are containers with ultra-clean deionized water provided by Brooks Rand Labs that 
travel with the containers provided to the client for their sampling purposes. Trip blanks have custody seals 
placed on them when they are prepared to confirm that the containers have never been opened prior to 
return receipt at the laboratory.  
 
Sediment/Soil Samples: When collecting soil/sediment samples, avoid substances that may not be 
considered part of the sample matrix to be analyzed (i.e. rocks, twigs, roots). Avoid collecting excessively 
“wet” samples whenever possible. If any overlying water is present, please decant prior to shipping. If glass 
jars are used, please do not fill more than 2/3 full, otherwise jars may break upon freezing. 
 
Packing Instructions for Glass Containers: Wrap bottles individually in bubble wrap or Styrofoam sleeve as 
provided. Make sure samples are surrounded with packing materials so that they cannot move during 
shipment, and so that glass containers are never in direct contact with each other. If you have 
accidentally discarded the packing material provided, use standard Styrofoam (peanuts) or plastic 
(bubble wrap) packing materials. NEVER use vermiculite as it contains very high levels of metals. 
 

Thank you for your cooperation. Please feel free to contact your Brooks 
Rand Labs Project Manager at 206-632-6206 if you have any further 

questions. Alternatively, you may contact Brooks Rand Labs at 
samples@brooksrand.com. 
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1. PROJECT DESCRIPTION 

Weston Solutions, Inc. (WESTON®) has prepared this Final Quality Assurance Project Plan 

(QAPP) for Area U at the Atlantic City Naval Air Station located in Egg Harbor Township,  

New Jersey. This QAPP has been prepared to support further investigative activities conducted 

under the Comprehensive Environmental Response, Compensation and Liability Act and the 

Formerly Used Defense Site program. Work will be performed by WESTON for the United 

States (U.S.) Army Corps of Engineers (USACE) under Contract No. W912WJ-05-D-0009. This 

QAPP was prepared to address sampling and analytical requirements associated with further 

investigative activities related to the mercury contamination at Area U of the Atlantic City Naval 

Air Station located in Egg Harbor Township, New Jersey. Area U encompasses the north and 

south branches of the Absecon Creek (NBAC and SBAC), and the Upper and Lower Reservoirs 

of the Atlantic City Municipal Utilities Authority, which are contributing water supplies to 

Atlantic City, New Jersey.  

Site background and description are provided in Section 1 of the FSP (WESTON, 2008a). A 

copy of the Sampling and Analysis Plan (SAP) (WESTON, 2008a), consisting of both this QAPP 

and the Field Sampling Plan (FSP) will be provided to the analytical laboratory prior to sample 

analysis.  
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2. PROJECT ORGANIZATION AND RESPONSIBILITIES 

The USACE, New York District (CENAN) is the lead organization facilitating the project. 

The CENAN Project Manager is Mr. Gregory J. Goepfert. The USACE Engineering Manager for 

the project will be Mr. James Kelley for USACE New England District (CENAE). The Region 2 

U.S. Environmental Protection Agency (EPA) Project Manager is William Roach. WESTON 

is the prime contractor for this project. The overall WESTON Program Manager will be 

Mr. Tony Riccio. Ryan Brown will be the WESTON Project Manager for the Upper Reservoir 

study and Tony Delano will be the WESTON Project Manager lead for the source investigation 

work in the SBAC. The responsibilities of WESTON and its subcontractors are presented. 

in Section 2 of the Work Plan (WP) (WESTON, 2008b) and Figure 2-1 of the FSP 

(WESTON, 2008a). 

Brooks Rand Labs (Brooks Rand), a National Environmental Laboratory Accreditation 

Conference (NELAC) accredited laboratory and State of New Jersey-certified laboratory 

(Certification No. WAOlO), will be used for the off-site low level mercury and methyl mercury 

analyses of all sedimentlsoil samples and water samples collected during the project. WESTON 

has received authorization from CENAE to utilize Brooks Rand for this specialty mercury 

analysis. Brooks Rand has submitted their Standard Operating Procedure (SOP) for the methods 

and quality control (QC) criteria which are included in Attachment 1. Brooks Rand's NELAC 

and State of New Jersey certifications as well as proficiency testing results for the applicable 

methods are also included in Attachment 1. Brooks Rand will be subcontracting the total organic 

carbon (TOC), grain size, total and dissolved sulfides analyses to Analytical Resources, Inc. 

(ARI) located in Tukwilla, Washington. ARI is a NELAC-accredited and New Jersey-certified 

laboratory. 
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The following is the contact information for Brooks Rand: 

Brooks Rand Labs 
3958 6th Avenue, NW 
Seattle, WA 98107 
Colin Davies 
Phone: 206-632-6206 
Fax: 206-632-6017 
email: bri @ brooksrand.com 

Sediment cores collected during Phase I1 of the Upper Reservoir Study will be submitted to 

WESTON's Carlsbad, California (Carlsbad) laboratory to evaluate the physical and chemical 

process effects on benthic flux of mercury and methyl mercury to the water column. 

The QAPP and applicable SOPs for Carlsbad has been included as Attachment 2. 

The following is the contact information for WESTON'S Carlsbad laboratory: 

Carlsbad MEC Analytical Systems 
2433 Impala Drive 
Carlsbad, California 920 10 
Shelley Anghera 
760-795-69 13 

Laboratory QC sample control limits are listed in Table 3-1. ARI's SOPs are included in 

Attachment 3. 

Applicable worksheets from the Uniform Federal Policy for QAPPs (UFP-QAPP Manual, 

Final Version 1, March 2005) which were used in developing the FSP (WESTON, 2008a) and 

the QAPP are included as Appendix A. 
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3. PROJECT QUALITY OBJECTIVES 

This section describes the quality assurance (QA) objectives for the data relative to its intended 

use. 

3.1 BACKGROUND 

The primary objectives of the investigative activities, contaminants of concern, and cleanup 

goals are discussed in Section 1 of the FSP (WESTON, 2008a). The overall purpose of this 

project is to further investigate the nature and extent of mercury contamination in potential 

source areas and selected areas of historically elevated mercury within the SBAC in preparation 

for remedial activities and to evaluate the availability of mercury in sediment in the Upper 

Reservoir and the NBAC.  

Only the analytes listed in the cleanup level tables of the FSP (WESTON, 2008a) will be 

required for reporting by the laboratory. All associated analytical methods and the data quality 

indicators (DQI) for all analyses are presented in Table 3-1 and in the analytical methods SOPs 

included as attachments. Data must meet the lowest EPA criteria to assist in directing remedial 

activities.  

3.2 QUALITY ASSURANCE OBJECTIVES FOR CHEMICAL DATA MEASUREMENT 

The laboratory analytical methods and proposed laboratory reporting limits are listed in  

Table 3-1. Brooks Rand will be performing the total mercury analysis via Method 1631 and 

methyl mercury analysis via Method 1630. Brooks Rand’s SOPs (Brook 0011-011 MHg,  

Brook 0002-009 THg, Brook 0006-003 THg water) and a more detailed description of precision 

and accuracy requirements for Methods 1631 and 1630 are included in Attachment 1. Brooks 

Rand will be subcontracting ARI to perform TOC, grain size, total and dissolved sulfide 

analyses. ARI’s DQIs are listed in Table 3-1 and SOPs are included as Attachment 3.  

The QA/QC sample requirements are discussed in Section 2 and Table 2-1 of the FSP. 

(WESTON, 2008a). 
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Project Action 
Limit

Analytes of Concern  and  Methods
CAS 

Number Units Scope of Work NJDEP EPA PQL MDL Accuracy (%R)
Precision 
(%RPD)

Completeness   
(% valid Data)

Res/Non-Res Res/Indus

Mercury - EPA Method 1631 Modified 7439976 mg/kg 0.18*** 14/270 0.13* 0.0001 0.00003 70-130 ≤30 95

Total Organic Carbon (TOC) -Lloyd Kahn-9060 % 0.1 0.02 0.0041 75-125 ≤20  90
Grain size-Plumb (1981) %  0.1 NA NA ≤10  90
Mercury - EPA Method 1631 Modified 7439976 mg/kg 0.1 0.2 0.13* 0.0001 0.00003 70-130 ≤30 95
Methyl Mercury - EPA Method 1630 Modified 22967926 mg/kg 6.1/62** 0.000025 0.000008 65-135 ≤35  95
Total Sulfides-9030 Mod mg/kg 0.05 1 0.15 85-115 ≤20  90

Mercury - EPA Method 1631 7439976 µg/L 2 2 0.0004 0.00015 71-125 ≤24  95

Mercury - EPA Method 1631 7439976 µg/L 0.001 0.0004 0.00015 71-125 ≤24  95
Methyl Mercury - EPA Method 1630 22967926 µg/L 0.0001 0.00005 0.00002 65-135 ≤35  95
Sulfides Dissolved- SM4500S2D mg/L 0.002 0.05 0.026 85-115 ≤20  90
Other Field Analysis Parameters

pH - 9045C NA
Dissolved Oxygen

Notes:  
*-Region IV sediment screening value for mercury   EPA = U.S. Environmental Protection Agency MDL = Method Detection Limit
** Region 9 Preliminary Remediation Goal for Residential (62 mg/kg for Industrial)   mg/kg = milligrams per kilograms DQO = data quality objective
*** Area U Work Plan Sediment Screening Criteria (TRC)   NJDEP = New Jersey Department of Environmental Protection %R = percent relative
Region 3 Risk-Based Concentration 7.8 mg/kg Residential (100 mg/kg Industrial):   µg/L = micrograms per liter SBAC = South Branch of the Absecon Creek
g/cc = grams per cubic centimeters   PQL = Practical Quantitation Limit NA = Not applicable
%RPD = percent relative percent difference

Upper Reservoir Sediment Characterization

Groundwater and Interstitial Sediment Pore Water

Surface Water

SB-41 and West of Tilton Road Soil/SBAC Sediment

Table 3-1

Analytical Methods and Data Quality Objectives

Project Action Limit
Achievable 

Laboratory Limits DQOs
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4. SAMPLING LOCATIONS AND PROCEDURES 

The analytical sampling programs for this project include the following: 

 Source Area Investigation: A surface water, interstitial sediment pore water, and 
temporary groundwater well point investigation will be conducted west of  
Tilton Road to direct a more focused geophysical investigation. Test pits will be 
excavated in the vicinity of SB-41 and west of Tilton Road to identify and delineate 
potential sources of mercury in these areas.  

 Focused SBAC Sediment Evaluation: Sediments samples will be collected to assess 
and delineate previously identified areas of elevated mercury concentration along the 
SBAC between Tilton Road and the upstream edge of the Upper Reservoir. 

 Upper Reservoir Characterization: Sediment cores will be collected throughout the 
Upper Reservoir and NBAC to determine the magnitude and extent of mercury 
contamination in sediments. Additional surface water and sediment core samples will 
also be collected for inclusion within Mercury Flux Investigation.  

Sampling locations, rationale, and methods are discussed in more detail in Section 3 of the WP 

(WESTON, 2008b) and FSP (WESTON, 2008a).  

Personal protective equipment will not be sampled. Personal protective equipment will be 

disposed of with the material that it was used to sample. 
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5. SAMPLE CUSTODY AND HOLDING TIMES 

Sample holding times, preservation, and container type are listed below for soils being collected 

from test pits and Phase I Upper Reservoir sediment and aqueous samples. It does not address 

the Phase II sampling involved as part of the mercury flux/availability study (being performed by 

WESTON’s Carlsbad, CA laboratory) detailed in Subsection 4.3 of the WP (WESTON, 2008b). 

Sample custody is detailed in Section 3 of the FSP (WSTON, 2008a). 

Table 5-1A 
 

Soils/Sediment  

Holding Time 

Analysis EPA Method 

Number of 
Containers/

Volume  Container Type Preservative Extraction Analysis 

Mercury EPA 1631 
Appendix 1 

Fluoropolymer, 
glass or plastic 
wide mouth 4 oz 
jars or 1-ft  
core 

Ice 4°C NA 1 year 

Methyl Mercury EPA 1630(M) 1 

Fluoropolymer, 
glass or plastic 
wide mouth 4 oz 
jars or 1-ft core 

Ice 4°C NA 1 year 

TOC  Lloyd Kahn 9060 1 8-oz glass jar or 
1-ft core Ice 4°C NA 28 Days 

Grain size Plumb 1981 1 8-oz glass jar or 
1-ft core NA NA NA 

Sulfides (Total) 9030 Mod 1 8-oz glass jar or 
1-ft core Ice 4°C NA 7 Days 

Solids (Total) EPA 160.3 1 8-oz glass jar or 
1-ft core NA NA NA 

Notes: 
EPA = U.S. Environmental Protection Agency  
ºC = degrees Celsius 
TOC = total organic carbon 
NA = not applicable 
oz = ounce 
ft = foot 
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Table 5-1B 
 

Aqueous 

Holding Time 

Analysis EPA Method 
Number of 
Containers Container Type Preservative Extraction Analysis 

TOC/DOC  Lloyd Kahn 9060 3 40 mL glass vial Ice 4°C, HCL 
<2 pH NA 28 Days 

 

Mercury 

 

EPA 1631 

 

250 mL or 
500 mL 

Fluoropolymer 
or glass with 
fluoropolymer 
lined lids  

 

Ice 4°C; BrCl 
in lab within 
28 days of 
collection 

 

NA 

 

90 Days 

Methyl Mercury  EPA 1630 
 

250 mL 

Fluoropolymer 
or glass with 
fluoropolymer 
lined lids 

Ice 4°C and 
dark 
immediately; 
HCL to 0.4% 
in lab within 
48 hrs of 
collection 

NA 6 Months 

Sulfides 
(Dissolved) SM4500S2D 1 250 mL plastic 

Ice 4°C,  
1 mL ZnOAC,  
1 mL NaOH, 
pH >9 

NA 7 Days 

Ammonia 350.3 1 Nisken bottle/ 
250 ml Ice 4°C NA 28 Days 

Notes: 
EPA = U.S. Environmental Protection Agency 
TOC = total organic carbon 
DOC = dissolved organic carbon 
mL = milliliter 
°C = degrees Celsius 
NA = not applicable 
pH = hydrogen ion concentration 
hrs = hours 
BrCl = bromine chloride 
HCL = hydrochloric acid 
ZnOAC = zinc acetate 
NaOH = sodium hydroxide 
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6. ANALYTICAL PROCEDURES 

The analytical procedures outlined in this section are subdivided into the types of samples 

anticipated to be collected during investigative activities. 

6.1 POTENTIAL SOURCE AREA INVESTIGATION-AQUEOUS SAMPLES AT 
THE WEST OF TILTON ROAD POTENTIAL SOURCE AREA 

Surface water samples and interstitial sediment pore water and groundwater from temporary well 

points will be analyzed for mercury via EPA Method 1631. These sample results will be due 

back from the laboratory 5 days from the time of collection. Based on the results of the aqueous 

analyses at the west of Tilton Road potential source area, a portion (or portions) of each potential 

source area will be targeted for a focused geophysical survey discussed in detail in 

Subsection 3.1.2 of the FSP (WESTON, 2008a). The data provided by the geophysical survey 

will be utilized to select locations at which to commence the test pitting activities. 

6.2 POTENTIAL SOURCE AREA INVESTIGATION-TEST PIT SOIL SAMPLES 
(SB-41 AND WEST TILTON ROAD AREAS) 

All test pit soil samples to be collected from the potential source areas will be analyzed for 

mercury via EPA Method 163 1. Laboratory turnaround time (TAT) for these test pit soil samples 

is 10 days from the time of collection. 

6.3 SBAC-SEDIMENT FOCUS AREA SAMPLES 

Sediment focus area delineation sampling is discussed in detail in Subsection 3.3 and 

Subsection 4.5 of the FSP (WESTON, 2008a). Samples will be taken from depths of 0 to 0.5,0.5 

to 1.0, 1.0 to 1.5, 1.5 to 2.0, 2.0 to 2.5, 2.5 to 3.0, 3.0 to 3.5, and 3.5 to 4.0 feet (ft) below the top 

of the sediment and analyzed for mercury via EPA Method 1631. Laboratory TAT for these 

sediment samples is 10 days from the time of collection. 
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6.4 UPPER RESERVOIR SAMPLING-SEDIMENT CORE SAMPLES AND 
OVERLYING WATER SAMPLE 

6.4.1 Phase I- HorizontalNertical Delineation Sampling 

A total of 21 sediment cores will be collected utilizing piston core sampling to depths of 5 ft 

below the top of the sediment surface. Fifteen cores will be collected in the Upper Reservoir, and 

two cores each will be collected in the NBAC (tributary east of the MOPTAR area), 

lower SBAC, and lower SBAC meanders. At each location, water quality parameters, specifically 

hydrogen ion concentration (pH) and dissolved oxygen will be measured by New Jersey 

Department of Environmental Protection certified personnel at the time of sediment core 

collection. Upon recovery, the top foot of material will be sectioned into 0- to 6-inch and 

6- to 12-inch intervals and the remainder of each core will be sectioned into 1-ft intervals 

(1 to 2 ,2  to 3, 3 to 4 ,4  to 5), and submitted to Brooks Rand for analysis. Samples collected from 

each interval will be analyzed for TOC via Lloyd Kahn Method 9060, grain size via Plumb 1981, 

total solids via EPA 160.3, total sulfides via Method 9030M, mercury via EPA Method 1631M 

(modified for soils), and methyl mercury via EPA Method 1630M (modified for soils). The 

laboratory TAT for all Upper Reservoir soillsediment sample results is 20 days from the time of 

collection. 

6.4.2 Phase I I -  Mercury Flux Investigation 

Based on Phase I analytical results, 12 to 15 1-ft sediment cores will be collected from each of 

two sample locations within the Upper Reservoir utilizing piston core sampling procedures. One 

1-ft core from each of these two locations (two 1-ft core samples) will be sent to Brooks Rand for 

mercury (1631M) and methyl mercury (1630M) analysis. A subsample of this core will also be 

used to measure pore water ammonia concentrations in WESTON's Carlsbad laboratory via 

SOP LAB063.01 which is included in Attachment 2. 

WESTON's Carlsbad laboratory will be performing the Mercury Flux Investigation. Laboratory 

procedures are discussed in detail in Subsection 4.3.5 of the WP (WESTON, 2008b). Water from 
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the test chambers will be submitted to Brooks Rand for dissolved sulfides (SM4500S2D), 

dissolved organic carbon (DOC) (9060), total and dissolved mercury (1631), and total and 

dissolved methyl mercury (1630) analysis. Sediment from the test chambers will be submitted to 

Brooks Rand for mercury (1631M), methyl mercury (1630M), total sulfides (9030M), grain size 

(Plumb 1981), and TOC (9060). During the test period, daily measurements of water quality will 

be taken by the Carlsbad, CA laboratory and will include measurement of pH, conductivity, 

temperature, dissolved oxygen, overlying ammonia, and redox potential using a YSI 6000 or 

equivalent. 

The QA objectives for testing conducted by the Carlsbad, CA laboratory are those detailed 

in the Evaluation of Dredged Material Proposed for Ocean Disposal: Testing Manual 

(Ocean Testing Manual), EPA 50318-911001 EPA Office of Water, Washington, DC. February 

(EPA and USACE, 1991), the laboratory's QA manual (included as Attachment 2 of this QAPP), 

and Quality Assurance/Quality Control Guidance for Laboratory Dredged Material Bioassays 

USACE Waterways Experiment Station, Vicksburg, MS. Miscellaneous Paper D-94-3) 

(Moore, D.W., T.M. Dillion, J.Q. Word, and J.A. Ward, 1994). 

These objectives for accuracy and precision involve all aspects of the testing process, including 

the following: 

= Water and sediment sampling and handling 
Condition of equipment 
Test conditions 
Instrument calibration 
Record keeping 
Data evaluation 

The methods employed in the use of instruments in this testing program are detailed in 

WESTON'S SOPs. These SOPs have been audited and approved by an independent, 

EPA-recommended laboratory and placed in the QA files and the laboratory files. All WESTON 

staff members receive regular, documented training in all SOPs and test methods. 
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Finally, all data collected and produced as a result of these analyses will be recorded on approved 

data sheets, which will become part of the permanent data record of the program. 

6.4.3 Surface Water Sampling (Phase 1/11) 

In addition to the sediment cores, an overlying water sample will be collected from the 

Upper Reservoir to provide a baseline of the mercury and methyl mercury concentrations during 

both phases of this investigative program. This water sample will be submitted to Brooks Rand 

to be analyzed for total and dissolved mercury via Method 1631, total and dissolved methyl 

mercury via Method 1630, dissolved sulfides via Method SM 4500s 2D, and DOC (Phase I1 

only) via Method Lloyd Kahn 9060. The laboratory TAT for all Upper Reservoir water samples 

is 20 days from the time of collection. 

6.4.4 Diffusive Gradient Thin-Films Sampling (Phase II) 

In addition to the sediment and overlying water samples, diffusive gradient thin-films (DGT) 

samplers will be utilized to monitor mercury and methyl mercury concentrations during the 

benthic flux investigation. The DGT sediment probes (DGT Research Ltd, Skelmorlie, 

Quernmore, Lancaster, UK) will be inserted into the test chambers directly above the sediment in 

each of the two temperature regimes according to the protocols developed by Zhang and Davison 

(1994). Specifically, where concentration gradients exist, the DGT sediment probes, comprised 

of an ion exchange resin imbedded within an ion permeable gel and filter, allow for the diffusion 

of mercurylmethyl mercury ions from the surrounding sediment matrix onto the resin within the 

probe, where they become fixed. As a consequence, following deployment of this probe in 

sediment, the fluxes and concentrations of mercury and methyl mercury in sediments as well as 

the bioavailable fraction can be determined. The probes will be retrieved 24 hours after 

placement, rinsed, stored in nitric acid (1 M) for 24 hours, and then submitted to Brooks Rand for 

analysis of mercury via Method 1631, total and dissolved methyl mercury via Method 1630. 
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6.5 QUALITY ASSURANCE/QUALITY CONTROL SAMPLING-SOIL, 
SEDIMENT, AND AQUEOUS SAMPLES 

Quality control samples will be collected in the field as identified in Section 2, Subsection 3.4, 

and Table 3-1 of the FSP (WESTON, 2008a). 

6.6 ROUTINE AND MODIFIED ANALYSES 

Routine analytical services are performed using standard EPA-approved methodologies subject 

to CENAE approval, where applicable. In some cases, modification of standard methods may be 

necessary to provide accurate and precise analysis of particularly complex matrices. When 

modifications to standard analytical methods are performed, the specific alterations, as well as 

the reason for the change, will be communicated to the WESTON Project Manager who will 

inform the CENAN Project Manager and Technical Lead. The modifications will be reported 

with the results of the analysis. 

6.7 REPORTING LIMITS 

The laboratory's reporting limits are based on program requirements and sample matrix. 

Individual sample reporting limits may vary from the laboratory's routine reporting limits 

because of the following: 

Dilution requirements. 

Variability in sample weight, or volume used to perform the analysis. 

= Dry weight adjustment for solid samples. Sample weight must be increased to 
accommodate for low percent solid samples (i.e., percent solids less than 30%). 

The presence of analytical background contaminants, or other sample/analysis-related 
conditions. 

The selected analytical methods, laboratory reporting limits, and laboratory-provided 

Practical Quantitation Limit and Method Detection Limit (MDL) are shown in Table 3-1. 
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The sample containers, preservation methods, and maximum holding times are detailed in 

Table 5-1A and Table 5-1B of this QAPP. 
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7. CALIBRATION PROCEDURES AND FREQUENCY 

This section outlines the calibration procedures and frequency for equipment used by the off-site 

laboratories for the performance of this project. 

Before any instrument is used as a measurement device on samples, the instrumental response to 

known reference materials must be determined. The manner in which various instruments are 

calibrated is dependent on the particular type of instrument and its intended use. All sample 

measurements will be made within the calibrated range of the instrument. Preparation of all 

reference materials used for calibration will be documented in a bound notebook.  

Instrument calibration typically consists of two types: initial calibration and continuing 

calibration. Initial calibration procedures establish the calibration range of the instrument and 

determine instrument response over that range. Typically, three to five analyte concentrations are 

used to establish instrument response over a concentration range. The instrument response over 

the range is generally absorbance, peak height, etc., which can be expressed as a linear model 

with a correlation coefficient (e.g., for atomic absorption and inductively coupled plasma), or as 

a response factor or amount versus response plot [e.g., for gas chromatography (GC)/mass 

spectroscopy]. 

Continuing calibration usually includes measurement of the instrument response to fewer 

calibration standards and requires instrument response to compare with certain limits  

(e.g., ± 10%) of the initial measured instrument response. Continuing calibration may be used 

within an analytical sequence to verify stable calibration throughout the sequence and/or to 

demonstrate that instrument response did not drift during a period of non-use of the instrument. 

Instrument calibration will be conducted in accordance with the EPA analytical method 

procedures and laboratory SOPs included in Attachments 1 (Brooks Rand) and Attachment 2 

(Carlsbad laboratory) and Attachment 3 (ARI) of this QAPP.  
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7.1 ANALYTICAL SUPPORT AREAS 

7.1.1 Standard and Reagent Preparation 

Standards are obtained from commercial vendors as neat materials, single or multi-analyte stock 

solutions, or ready-to-use solutions. Actual preparation requirements vary with each analytical 

method and are detailed in the respective analytical SOPs. Sources may vary depending on 

availability of mixes and solutions from vendors. Each production unit is responsible to ensure, 

when available, that all standards are traceable to EPA, National Institute of Standards and 

Technology (NIST), American Association for Laboratory Accreditation, Standard Analytical 

Reference Materials, or other equivalent certified material sources, or that an alternate source 

standard is used to verify reference materials. 

7.1.2 Balances 

Laboratory balances will be calibrated and serviced annually by a factory representative. In 

addition, the analyst will check the balance with three weightings before each use: one in the 

gram range, one in the milligram range, and a combined reading of both weights. A record of 

calibrations and daily checks will be kept in the balance log. 

The Class S weights used by the analysts for daily balance checks are re-calibrated annually. 

7.1.3 Refrigerators, Freezers, and Ovens 

Oven and refrigerator thermometers are calibrated annually against a NIST-certified 

thermometer in the range of interest. Annual calibrations are recorded in a calibration notebook. 

Daily readings are recorded with the respective oven or refrigerator. 
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7.1.4 Water Supply System 

The laboratory’s on-tap laboratory pure water supply is tested daily for pH and specific 

conductivity. Additionally, samples of the water supply are routinely collected and analyzed for 

metals. 

7.2 LABORATORY INSTRUMENTS 

Specific instrument calibration procedures for instruments used in EPA Methods 1631, 1630, 

9030, 9060A, and 9045A as well as those instruments involved in WESTON’s Carlsbad 

laboratory Mercury Flux Investigation, are detailed in laboratory SOPs provided in the 

attachments to this QAPP.  
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8. INTERNAL QUALITY CONTROL CHECKS 

The daily quality of analytical data generated at the off-site laboratory is controlled by the 

implementation of a laboratory-specific QA/QC plan. The types of internal QC checks are 

described in the following subsections. The QC limits for the selected laboratory are listed in 

Table 3-1. Field QC criteria are discussed in the FSP (WESTON, 2008a). 

8.1 BATCH QUALITY CONTROL 

Sample preparation or pre-treatment is commonly required before analysis. Typical preparation 

steps include homogenization, grinding, acid digestion, distillation, and concentration. During 

these pre-treatment steps, samples are arranged in discrete manageable groups referred to as 

preparation (Prep) batches. Prep batches provide a means to control variability in sample 

treatment. An analytical batch of samples is to contain no more than 20 samples, not including 

QC samples or standards. 

The QC indicators are added to each Prep batch to monitor method performance. These QC Prep 

batch indicators are as follows: 

 Method Blanks: Method blanks usually consist of laboratory reagent-grade water 
treated in the same manner as the sample (e.g., digested, extracted, distilled, etc.), 
which is then analyzed and reported as a standard sample would be. 

 Laboratory Control Sample (LCS) (Organics/Inorganics): This is a standard solution 
with a certified concentration which is analyzed as a sample and is used to monitor 
analytical accuracy. (Equivalent to a method blank spike.) 

8.2 MATRIX SPECIFIC QUALITY CONTROL 

Matrix QC indicators help monitor for potential physical and chemical effects which may 

interfere with the precision and/or accuracy of the selected analytical method. Since 

interferences can enhance or mask the presence of target analytes, matrix QC indicators measure 

the degree of interference and are used to assist in the interpretation of the analytical results. The 

laboratory avoids performing matrix QC on known field blank samples, such as trip blanks and 
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rinsates, since these samples are not indicative of the sample matrix. Matrix QC indicators are 

analyzed when requested by the client or specified by the method. 

The matrix specific QC indicators are as follows: 

 Laboratory Duplicate Sample (Inorganics): Duplicate samples are obtained by 
splitting a field sample into two separate aliquots and performing two separate 
analyses on the aliquots. The analysis of laboratory duplicates monitors sample 
precision; however, it may be affected by sample non-homogeneity, particularly in 
the case of non-aqueous samples. 

 Matrix Spike (MS) (Inorganics): A MS is an aliquot of an investigative sample which 
is fortified (spiked) with the analytes of interest and analyzed with an associated 
sample batch to monitor the effects of the investigative sample matrix (matrix effects) 
on the analytical method. 

 MS/Matrix Spike Duplicate (MSD) (Organics): The MS/MSD samples are an aliquot 
of an investigative sample which is fortified (spiked) with the analytes of interest and 
analyzed with an associated sample batch to monitor the effects of the investigative 
sample matrix (matrix effects) on the analytical method. The MS/MSDs are 
performed for organic analysis and only in association with selected protocols. The 
MS/MSD precision should fall within the limits specified in Table 3-1 and the 
laboratory SOPs included as attachments. 

 Surrogates (if applicable): Surrogates are used in all GC and GC/mass spectroscopy 
analyses. Every blank, standard, and environmental sample will be spiked with 
surrogate compounds prior to purging volatiles or extracting semi-volatiles, 
pesticides, and polychlorinated biphenyls. 

8.3 FIELD QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

8.3.1 Equipment Blank/Rinsate Blanks 

Equipment/rinsate blanks will be collected at the rate specified in Table 2-1 of the FSP 

(WESTON, 2008a)  

The equipment/rinsate blank samples will be analyzed for the same parameters as the field 

samples. 
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Equipment/rinsate blanks will be reviewed in accordance with the USEPA Contract Laboratory 

Program National Functional Guidelines for Inorganic Data Review (October 2004) and site 

specific criteria included in this SAP. 

8.3.2 Field Duplicate Samples 

Field duplicate samples will be collected at the rate specified in Table 2-1 of the FSP  

(WESTON, 2008a) The equipment/rinsate blank samples will be analyzed for the same 

parameters as the field samples. Field duplicate samples will be reviewed in accordance with the 

USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data 

Review (October 2004) and site-specific criteria included in this Sampling and Analysis Plan. 

No QA split samples will be taken. 
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9. CALCULATION OF DATA QUALITY INDICATORS 

The objective of this QAPP is to provide a framework to ensure that all analytical data reported 

are of known quality. This section outlines methods for calculation of the DQIs that will be used 

by WESTON, and the laboratory for analytical data generated for this project. 

To assure that the data generated are of a known and acceptable level of quality, this plan 

establishes or makes provisions for: 

 Developing performance standards related to various elements of the sampling plan. 

 Monitoring actual performance in comparison to and in compliance with the 
established standards. 

 Reporting the monitored performance. 

 Rectifying performance not conforming to the established standards. 

All QA/QC assessments made during this effort will be performed using a matrix representative 

of the sample matrix and conditions being measured whenever possible. The data will be 

calculated and reported in units consistent with standard reporting conventions to enable 

comparability to existing data, standards, and/or regulatory action limits. The selected 

laboratory’s proposed control limits for these data quality objectives are included in Table 3-1.  

9.1 PRECISION 

Precision is a measure of mutual agreement among individual measurements of the same 

property, usually under prescribed similar conditions. Precision is best expressed in terms of the 

standard deviation. Various measures of precision exist depending on the "prescribed similar 

conditions." 



Sampling and Analysis Plan 
Part 2 - Quality Assurance Project Plan 
Mercury Contamination at Area U 
Atlantic City Naval Air Station, Formerly Used Defense Site 
Egg Harbor Township, New Jersey   

G:\PROJECTS\20173009\006 ATLANTIC CITY NAS\PLANS\FINAL QAPP - STAKEHOLDERS\FINAL_STAKEHOLDER_QAPP_REDLINE.DOC 31 JULY 2008 

9-2

Analytical precision is calculated by expressing, as a percentage, the difference between results 

of analyses of duplicate samples for a given analyte. Precision can be expressed as a relative 

percent difference (RPD) by the formula: 

%100
2/)(
||

21

21 ×
+
−

=
XX

XXRPD  

where: 

X1 = Concentration of analyte in sample 
X2 = Concentration of analyte in replicate 

The results of field duplicate samples analyses will be a means for assessing precision. Percent 

RPD for soils must be less than or equal to 50%, percent RPD for waters must be less than or 

equal to 30%. The RPD results between MS/MSD and LCS analyses will also be used as a 

means for assessing precision. 

9.2 ACCURACY 

Accuracy is a measure of the bias in a system, or the degree of agreement of the measurement of 

a spiked sample with the quantity of the spike. Accuracy is usually expressed as a percent of the 

difference between the spiked sample (XS) and unspiked sample (XU) divided by the quantity of 

the spike (K) as shown by the formula: 

%100coveryPercent ReAccuracy ×
−

==
K

XX US  

where:  

XS  = Measured value of the spiked sample 
XU = Measured value of the unspiked sample 
K  = Known amount of the spike in the sample 

Results of MS/MSD and LCSs analyses will be used as a means for assessing analytical 

accuracy. Surrogate compounds will be used to assess accuracy for organic analyses. 
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9.3 COMPLETENESS 

Completeness is a measure of the relative number of analytical data points that meet all the 

acceptance criteria for accuracy, precision, and any other criteria required by the specific 

analytical methods used. The level of completeness can also be affected by loss or breakage of 

samples during transport, as well as external problems that prohibit collection of the sample. 

The ability to meet or exceed completeness objectives is dependent on the nature of samples 

submitted for analysis. For example, if the analytical methods proposed for use (particularly for 

organics analyses) are intended for analysis of environmental samples of low and medium 

hazard, the applicability of these methods to non-routine matrices such as drum samples, wipes, 

air samples, etc., may result in poor method performance and, therefore, adversely impact 

achievement of the data completeness goal.  

The completeness goal for the project is 95%. Completeness (%C) will be calculated by using 

the following formula: 

%100% ×=
N
VC  

where:  

V = Number of sample measurements considered valid 

N = Number of valid measurements needed to achieve a specified statistical level of 
confidence 

9.4 REPRESENTATIVENESS 

Representativeness expresses the degree to which data accurately and precisely represent a 

characteristic of a population, parameter, and variation at a sampling point, a process condition, 

or an environmental condition. WESTON will ensure representativeness by following SOPs for 

sample collection and analysis and will ensure homogeneity of the environmental samples. 

Sample containers for matrices to be collected will be filled in the following order: volatile 

organic compounds, organic parameters, and inorganic parameters. 
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9.5 COMPARABILITY 

Comparability expresses the confidence with which one data set can be compared to another.  

The comparability of the data is influenced by sampling and analytical procedures. By providing 

specific protocols to be used for obtaining and analyzing samples, data sets should be 

comparable regardless of who obtained the sample or performed the analysis; however, 

WESTON will designate one person to be responsible for sample collection and handling so that 

introduction of errors will be kept to a minimum. Analytical comparability will be ensured by 

using standardized analytical procedures. 

9.6 DETECTION LIMITS 

9.6.1 Method Detection Limits 

The MDL is the lowest concentration that can be measured for a given analytical method and 

sample matrix with a 99% confidence that the analyte is present. The MDL is determined 

according to Appendix B of 40 Code of Federal Regulations 136, “Guidelines Establishing Test 

Procedures for the Analysis of Pollutants.” The MDLs reflect a calculated (statistical) value 

determined under ideal laboratory conditions in a clean matrix and may not be achievable in all 

environmental matrices. The laboratory maintains MDL studies for analyses performed; these 

are verified at least annually. 

9.6.2 Instrument Detection Limits 

Instrument detection limits are generated for each element by the metals laboratory quarterly for 

each instrument specified. These limits are used to gauge instrument sensitivity and when 

routinely evaluated, instrument performance without the introduction of method variance can be 

determined.
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9.6.3 Reporting Limits 

Reporting limits are defined as the lowest concentration of an analyte determined by a given 

method in a given matrix that the laboratory feels can be reported with an acceptable quantitative 

error or client requirements, values specified by the EPA methods, or other project and client 

requirements. Because of the high level of quantitative error associated with determinations at 

the level of the MDL, reporting levels wherever possible, are limited to values approximately 

three to five times the respective MDL to ensure confidence in the reported value. Laboratory 

reporting limits must be supported by a calibration standard run at that level. Reporting limits 

must be below the project action limit listed in Table 3-1. The laboratory must adjust sample 

weight to account for high moisture sediment samples and notify WESTON in cases where 

project action limits are exceeded. 

 



 

 

SECTION 10 
 

CORRECTIVE ACTIONS 
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10. CORRECTIVE ACTIONS 

10.1 FIELD CORRECTIVE ACTION 

Field personnel have initial responsibility for monitoring the quality of field measurements and 

observations. The Construction Superintendent/Site QC Officer will notify QC Management of 

any problems that occur that may jeopardize the integrity of the project or cause any project 

objective to not be met. An appropriate corrective action will be developed and implemented. 

The Site QC Officer will document the problem, including the cause, the corrective action, and 

results in the field logbook. Copies of the logbook will be provided to the Project Manager and 

QC Management. 

Oversight of the field sampling program will be performed by CENAE personnel in the field.  

All field notes for the sampling program and daily reports will be provided to CENAE 

representatives for review. Corrective actions will be carried out in consultation and 

conformance with CENAE personnel.  

10.2 LABORATORY CORRECTIVE ACTION  

The analyst has initial responsibility to monitor the quality of an analytical system. The analyst 

will verify that all laboratory-specific QC procedures are followed and the results of an analysis 

of QC samples are within acceptance criteria. This requires that the analyst assess the correctness 

of all of the following items as appropriate: 

 Sample preparation procedure 
 Initial calibration 
 Calibration verification 
 Method blank result 
 Laboratory control standard 
 Duplicate analysis 
 Fortified sample result 
 MS/MSD and surrogate recoveries 
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If the assessment reveals that any of the laboratory-specific QC acceptance criteria are not met, 

the analyst must immediately assess the analytical system to correct the problem. The analyst 

will notify the appropriate Supervisor and Laboratory QA Coordinator of the problem and, if 

possible, will identify potential causes and corrective action. 

The nature of the corrective action obviously depends on the nature of the problem. For example, 

if continuing calibration verification is determined to be “out of control,” the corrective action 

may require recalibration of the analytical system and reanalysis of all samples since the last 

acceptable continuing calibration standard.  

When the appropriate corrective action measures have been defined, and the analytical system is 

determined to be “in control,” the analyst documents the problem and the corrective action.  

Data generated concurrently with an “out-of-control” system will be evaluated for usability in 

light of the nature of the deficiency. If the deficiency does not impair the usability of the results, 

data will be reported and the deficiency noted in the case narrative. Where sample results are 

impaired, the Laboratory QA Coordinator will be notified and appropriate corrective action  

(e.g., reanalysis, etc.) will be taken. If reanalysis cannot be conducted, re-sampling may be 

required. 

Brooks Rand’s QC acceptance criteria and corrective actions for the analysis of methyl mercury 

in aqueous (Table 5 of BR-001) and solid samples (Table 6 of BR-001); as well as for  

the analysis of total mercury in aqueous (BR-002/Revision 003) and solid samples  

(BR-002/Revision 009) are included in Attachment 1 on the enclosed CD. 

The Quality Assurance Program Plan for WESTON’s Carlsbad, CA Bioassay Laboratory and 

Phase II Mercury Flux Investigation applicable SOPs are included as Attachment 2. 

ARI SOPs are included in Attachment 3 as well as on the enclosed CD. 
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DATA REDUCTION, VALIDATION, AND REPORTING 
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11. DATA REDUCTION, VALIDATION, AND REPORTING 

Analytical data are recorded on pre-formatted bench sheets or analysis run logs in bound 

laboratory notebooks. These bound notebooks are issued and controlled by the Laboratory's 

QA Section. A unique document control code is assigned to each book to assure that 

chronological record keeping is maintained. 

Analytical data are referenced to a unique sample identification number for internal tracking and 

reporting. Notebook pages contain the following information, as applicable: 

Analytical method 
Analyst 
Date 
Sequential page number 
Associated WESTON sample numbers 
Standard concentrations 
Instrument settings 
Raw data 

Entries for instrument logs are in chronological order and maintained so as to enable 

reconstruction of the analytical sequence. 

The laboratory analyst is responsible for recording all appropriate information into analytical 

logs, and for signing and dating all analytical book entries daily. A supervisor or trained data 

reviewer reviews the notebook pages. Copies of instrument outputs (chromatograms, strip 

charts, etc.) are maintained on file with the analyst's signaturelinitials and date. 

11 .1 DATA REDUCTION 

Data reduction is performed by the analyst and consists of calculating concentrations in samples 

from the raw data. The complexity of the data reduction depends on the analytical method and 

the number of discrete operations involved (e.g., extractions, dilutions, instrument readings, 

and concentrations). The analyst calculates the final results from the raw data or uses appropriate 

computer programs to assist in the calculation of final reportable values. Copies of all raw data 
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and the calculations used to generate the final results, such as bound laboratory notebooks, 

strip charts, chromatograms, Excel spreadsheets, and Laboratory Information Management 

System (LIMS) record files, are retained on file for a minimum of 6 years. 

11.2 DATA REVIEW 

System reviews are performed at all levels. The individual analyst continually reviews the quality 

of data through calibration checks, QC sample results, and performance evaluation samples. 

Data review is initiated by the analyst during, immediately following, and after the completed 

analysis. The analyst uses a data review checklist to verify that all analytical criteria have been 

met. This checklist provides a list of items to verify that all analytical specifications have been 

achieved. Any out-of-control items are documented on the checklist and verbally communicated 

to the Unit Leader or Section Manager for review and response. 

The supervisor, analyst, or data specialist performs a secondary review of the data. The peer 

reviewer is instructed by the QA Section, Section Manager, or Unit Leader to perform the data 

review. After these first two reviews are completed, the data is entered into the LIMS. 

The Section Manager or designee reviews the data for precision and accuracy to assure that it 

meets all specifications. After approval by the Section Manager or designee, the analytical report 

is assembled. The Section Manager or the Laboratory Project Manager designee reviews the data 

to ensure consistency with laboratory QC requirements, to verify reasonableness with other 

generated data, and to determine if program requirements have been satisfied. Selected hard copy 

output of data (chromatograms, spectra, etc.) will be reviewed to ensure that results are 

interpreted correctly. The final report is signed by the Section Manager, Project Manager, and 

Laboratory Manager. 

Unusual or unexpected results will be reviewed, and a resolution of the problem will be 

documented in a Corrective Action Report (CAR). If suspect data is reported, the out-of-control 

events will be addressed in a case narrative. Copies of the CARS may be included in a data 

package as needed. 
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Prior to final reviewlsign-off by the Laboratory Manager or designee, the Report Generation 

Section will verify that the report is compiled in the proper format. The Laboratory Manager or 

designee provides the final laboratory review prior to reporting the results to the client. 

The Laboratory Project Manager will do a final completeness check before submitting the data 

report to the client. 

The QA Section independently conducts a review of selected reports to determine if laboratory 

and client QAfQC requirements have been met. Discrepancies will be reported to the appropriate 

Section Manager and/or Laboratory Project Manager for resolution. 

Data audits are also performed by regulatory agencies or client representatives. The frequency, 

level of detail, and the areas of concern during these reviews are dependent on the specific 

program requirements. 

1 1.3 DATA VALIDATION 

WESTON will perform a modified Tier I1 level data validation on all sample results except for 

the Mercury Flux Investigation which will undergo its own internal QC review by the WESTON 

Carlsbad, CA Bioassay Laboratory. Validation will be performed within 21 days of receipt of the 

final data packages from the off-site laboratory. The validation procedures to be employed will 

consist of the following activities: 

Review of chain-of-custody documents to verify sample identities. If a discrepancy is 
found, the sampler and/or laboratory will be contacted to resolve. Details will be 
recorded in a telephone log. Laboratory resubmittals will be requested, if necessary. 

Review of sample log-in documents to verify any potential problems with 
custody seals, container integrity, sample preservation, labeling, etc. (see bullet above 
for corrective action.) 

Review of method blank data to determine the presence of any sources of 
contamination in the analytical process; the 5x action level will be applied for target 
compounds detected in method blanks as stated in the EPA CLP National Functional 
Guidelines for Inorganic Data Review (October 2004) (equipment blanks will not be 
used to qualify soil samples). 
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Review the MS data to evaluate the potential for matrix effects and as a measure of 
analytical accuracy. The MS recoveries will be compared against laboratory 
acceptance criteria to determine if they are within or outside of warning and control 
limits for percent recoveries (see Table 3-1 and SOPs included as attachments). 

= Review of MS/MSD data to evaluate sample homogeneity and as a measure of 
analytical precision. The MS/MSD data will be compared to laboratory acceptance 
criteria specific to each analysis as shown in Table 3-1 and in SOPs included as 
attachments. 

If a sample has less than 30% solids but greater than lo%, all data will be estimated; 
if less than lo%, non-detect results will be rejected (R). 

Review of LCS data (if available) as a measure of analytical accuracy. The LCS data 
will be compared to the laboratory QC limits provided in Table 3-1 and in analytical 
method SOPs included as attachments. 

Review of sample and sample duplicate data (if available) as a measure of sample 
homogeneity and as a measure of analytical precision. 

Review of sample dates, extraction/digestion dates, and analysis dates to determine if 
maximum holding times were met or exceeded. Holding times are validated according 
to EPA Contract Laboratory National Functional Guidelines for Inorganic Data 
Review (October 2004). 

Review of field duplicate samples: Percent RPD for soils must be less than or equal to 
50%, percent RPD for waters must be less than or equal to 30% in accordance to EPA 
CLP National Functional Guidelines for Inorganic Data Review (October 2004). 

All soillsediment and water samples will be reviewed in accordance with the Department of 

Defense Quality Systems Manual, the EPA Contract Laboratory National Functional Guidelines 

for Inorganic Data Review (October 2004), and site-specific criteria included in this QAPP. See 

Worksheets 34-36 included as Appendix A of this QAPP for further details. If DQIs listed in 

Table 3-1 or in the analytical SOPs (included as attachments) are not met, sample results will be 

qualified. Qualifiers will be explained in a data usability section of the completion report. Any 

impact on the usability of the data will be communicated to the CENAN Project Manager 

immediately. Usability and any appropriate actions will be discussed and agreed upon with 

CENAE personnel. 
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11.4 DATA REPORTING 

Analytical reports comprise final results based on the following: 

Dry weight (uncorrected for blanks and recoveries unless specified) 
Methods of extraction 
Methods of analysis 
Levels of reporting 
Surrogate recovery data 
Method blank data 

In addition, special analytical problems will be noted in the case narratives. The number of 

significant figures reported is consistent with the limits of uncertainty inherent in the analytical 

method. Consequently, most analytical results will be reported to no more than two (2) or 

three (3) significant figures. Data are normally reported in units commonly used for the analyses 

performed. 

Concentrations in liquids are expressed in terms of weight per unit volume [e.g., micrograms 

per liter]. Concentrations in solid or semi-solid matrices are expressed in terms of weight per unit 

weight of sample (e.g., micrograms per kilogram). Reporting limits take into account all 

appropriate concentration, dilution, and/or extraction factors, unless otherwise specified by 

program requirements. 

A client report is generated with various steps of approval prior to printing of the final version. 

If any analytical anomalies were encountered during the analyses, (e-g., an out-of-control 

matrix duplicate), it is documented in a case narrative. The case narrative is prepared by the 

respective operating unit and submitted to the Data Management Section to insert in the 

final report. 

The final report forms are printed, data packages are organized, a glossary of flags and acronyms 

is added, and reports are paginated. The Laboratory Project Manager, the Laboratory Manager 

and/or designee will review and sign the report prior to delivery. 
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11.4.1 Reporting Format 

The final data reports provided by the off-site laboratory are standard client reports and 

electronic data deliverables (EDD) compatible with Envirodata. These reports will be submitted 

with the final project report. 

The standard client report contains a transmittal letter and the following: 

= Case Narrative describing: data qualifiers, sample collection, sample preparation 
(e.g., extraction or digestion), analysis dates, and a description of any technical 
problems encountered with the analysis. 

Sample data summaries to include appropriate QC result summaries. 

Results must be in dry weight. 

Off-site laboratories must provide a Level I1 type data package pdf and an EDD of 
sample results, QC results (such as surrogate and spike recoveries, method blanks), 
and a detailed case narrative within the applicable TAT discussed in Subsection 6.4 
and Subsection 1 1.5. 

The package and EDD should be delivered to the following address: 

Tony Delano 
Weston Solutions, Inc. 
One Wall Street 
Manchester, NH 03 10 1 
tony.delano @ west01lso1utions.com 

11.5 LABORATORY TURNAROUND TIME 

Turnaround times for laboratory analytical data will be determined based upon project specific 

sampling tasks as agreed upon by CENAE. For all samples collected as part of the Upper 

Reservoir study, which will be submitted to Brooks Rand and their subcontract laboratory ARI, 

the standard TAT will be 20 calendar days. For the source area and sediment focus area low-level 

mercury analysis which will also be submitted to Brooks Rand, the standard TAT for 

soil/sediment samples will be 10 days; for aqueous samples the TAT will be 5 days. 
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12. PREVENTATIVE MAINTENANCE 

The ability to generate valid analytical data requires that all analytical instrumentation be 

properly and regularly maintained. The responsibility of routine care lies with the analysts using 

the instruments. Guidance on required routine maintenance, as well as troubleshooting 

information, is provided in the respective instrument manuals and laboratory SOPs. For more 

extensive preventative maintenance or emergency repair service, the laboratory maintains full 

service contracts on all major instruments or has accounts established with vendors.  

The elements of the maintenance program are discussed in Brooks Rand’s SOPs provided in 

Attachment 1. The WESTON’s Carlsbad Bioassay Laboratory QAPP and laboratory SOPs are 

provided in Attachment 2. ARI’s SOPs are provided in Attachment 3. 
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13. PERFORMANCE AND SYSTEM AUDITS 

Technical system audits (TSA) of both field and laboratory activities are conducted to verify that 

sampling and analysis is performed in accordance with the procedures established in the QAPP. 

At this time, no audits (other than internal lab audits) are planned. Procedures for laboratory 

system, performance, and data audits are included in the Laboratory SOPs. 

Indirect audits for the assessment and QA review of field data are performed on an on-going 

basis as data are generated, reduced, and evaluated. For example, indicators of the level of field 

performance are the analytical data for QC samples such as the results of the equipment blanks 

and field duplicates. Each blank analysis is an indirect audit of the effectiveness of measures 

taken in the field to confirm sample integrity (e.g., field decontamination procedures). The 

results of the field duplicates may provide an indirect audit of the ability of each field team to 

collect representative sample portions of each matrix type. These assessments are performed in 

relation to the validation and data usability reviews. 

The data validation and data package TSAs for this project will be conducted by the WESTON 

Chemist. Prior to submittal of a data validation report, each data package will be technically 

reviewed to check that it complies with the validation procedures and requirements outlined in 

Section 11 has been properly assessed prior to usage. Data Review Checklists will be generated 

for laboratory provided data. 

 

. 

. 
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14. QUALITY CONTROL REPORTS TO MANAGEMENT 

Quality assurance reports communicate quality status and needs to upper management.  

By providing summaries of quality data and analysis of relevant situations, these reports provide 

management a feedback loop to monitor the effectiveness of laboratory improvement activities. 

Quality assurance reports distinguish between major and minor issues, while minimizing false 

alarms. The reports emphasize objective quality measurements but when subjective elements  

are reviewed, these are reported without blame. As discussed in Section 9 of the FSP  

(WESTON, 2008a) Daily chemical QC reports will be incorporated into the daily inspection and 

daily construction QC reports. These reports will be completed and submitted to USACE as 

required. 
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BRL Procedure for EPA Method 1631, Appendix: Total Mercury in Tissue, 
Sludge, Sediment, and Soil by Acid Digestion, BrCl Oxidation, and Cold 

Vapor Atomic Fluorescence Spectrophotometry (CVAFS) 
 
 
1.0 SCOPE AND APPLICATION 
 

1.1 Method BR-0002 is modification of Appendix to EPA Method 1631 and is based on 
peer-reviewed, published articles for the determination of total mercury in a wide range 
of biological and geological matrices.  All samples must be subject to an appropriate 
digestion step prior to analysis. 
 

2.0 SUMMARY OF METHOD 
 

2.1 Prior to analysis, the solid samples must be acid digested to break down the sample 
matrix and oxidized to convert all mercury species to mercuric ions. 
 
2.2 Method BR-0002 is a cold vapor atomic fluorescence technique, based upon the 
fluorescence of 253.7 nm radiation by excited elemental mercury (Hg0) atoms in an inert 
gas stream.  Mercuric ions in the oxidized sample are reduced to Hg0 using stannous 
chloride (SnCl2), and then purged onto gold amalgamation traps using nitrogen gas as a 
means of preconcentration.  Mercury vapor is thermally desorbed into the fluorescence 
cell.  Fluorescence intensity is measured as a function of total mercury collected, which is 
converted to concentration by the size of the aliquot purged. 
 
2.3 The actual detection limits for this method will be dependent upon the specific 
techniques used to prepare the samples.  Current detection limits as determined by 
Brooks Rand LLC (BRL) are found in Table 1 of this document. 

 
3.0 INTERFERENCES 
 

3.1 The potential exists for destruction of the gold traps (and consequently, low 
recoveries) if free halogens are purged onto them. 
 
3.2 Water vapor may collect in the gold traps, and be released into the fluorescence cell 
where it condenses, giving a false peak due to scattering of the excitation radiation. 
 
3.3 As always with atomic fluorescence, the fluorescent intensity is strongly dependent 
upon the inertness of the carrier gas.   
 

4.0 APPARATUS AND MATERIALS 
 

4.1 Atomic fluorescence spectrophotometer (BRL part #AF-03):  To achieve the low 
detection levels a very sensitive CVAFS detector is required.  Such systems are built at 
BRL (BRL Model III) based on the principles discussed in the literature.  Refer to the 
“Brooks Rand, LLC Model III Operation Manual” for instrument operating instructions.  
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4.2 Flow meter/needle valve (BRL part #AF-60):  Capable of controlling and measuring 
gas flow to the purge vessel at 200-500 mL.min-1. 
 
4.3 Fluoropolymer adapters (BRL part #s AF-80 through AF-84) and tubing 
 
4.4 Acid-fume and moisture pre-trap 
 
4.5 Cold vapor generator (BRL part #AF-31) 
 
4.6 Gold wire traps or gold-coated sand traps (BRL part #AF-19 or AF-20): Used for 
trapping gaseous Hg0. 
 
4.7 Recorder:  The BRL Model III comes complete with Guru® integrating software.  
Refer to the “Brooks Rand, LLC Model III Operation Manual” for Guru® 
software/integrator operating instructions.  Guru® software requires an IBM compatible 
computer (Pentium® II, 400MHz, 128MB RAM minimum) and running MS Windows® 
98SE/ME/NT4/NT2000/XP. 
 
4.8 Pipettors:  Pneumatic fixed volume and variable pipettors in the range of 10 µL to 5.0 
mL. 
 
4.9 Refluxing digestion flask 
 
4.10 Cold digestion vials 
 
4.11 Nichrome wire coil (BRL part #AF-40) with plug (BRL part #AF-41):  Used for 
heating the gold trap to thermally desorb the mercury. 
 

5.0 REAGENTS 
 

Document standard or reagent preparation in the appropriate logbook located in the Mercury 
Analysis Laboratory.  Record the standard or reagent type, identification number, preparation 
date, lot number, expiration date, and analyst name in the appropriate standard or reagent 
preparation logbook.  Record the standard or reagent type, identification number, preparation 
date, and expiration date on the container.   

 
5.1 Water:  18 megohm ultrapure deionized water (ASTM type I) originating from a pre-
purified source.   
 
5.2 Nitric acid (HNO3):  Trace-metal reagent grade pre-analyzed, low mercury (<5.0  
ng.L-1 Hg) concentrated nitric acid.   
 
5.3 Sulfuric acid (H2SO4):  Trace-metal reagent grade pre-analyzed, low mercury (<5.0 
ng.L-1 Hg) concentrated sulfuric acid. 
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5.4 Hydrochloric acid (HCl):  Trace-metal reagent grade pre-analyzed, low mercury 
(<5.0 ng.L-1 Hg) concentrated hydrochloric acid. 

 
5.5 Stannous chloride 
 
5.6 Bromine monochloride (BrCl) 
 
5.7 Hydroxylamine hydrochloride (NH2OH·HCl) 

 
5.8 Stock mercury standard:  A commercially available 1000 mg.L-1 mercury atomic 
absorption standard that is traceable to NIST is used. Alternatively, HgCl2 may be 
dissolved in water and BrCl, and brought to volume. 
 
5.9 Intermediate mercury standard solution:  This solution contains 1.00 µg.mL-1 Hg.   
 
5.10 Mercury working standards:  The intermediate mercury standard solution is diluted 
with ultrapure deionized water and BrCl, to make a 10.0 ng.mL

-1
 working standard.  A 

1.00 ng.mL
-1

 working standard should be prepared using the intermediate mercury 
standard.  
 
5.11 Nitrogen 
 
5.12 Argon or Helium 

 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 
 

6.1 Samples should be collected into glass, polyethylene, or fluoropolymer jars.  
Polyethylene bags are also acceptable for all but very low level and/or very wet solid 
samples.  Dry samples such as coal and ores may be collected and stored in heavy gauge 
paper pouches. 
 
6.2 Samples containing biota (i.e. wet or dry sludge), and all wet sediment samples are 
shipped to the laboratory at 0-4 ºC and stored at < -15 ºC for up to 1 year.  Dry samples 
such as ores, paper, and wood may be shipped unrefrigerated and stored indefinitely in a 
cool, dry location low in mercury. 
 
6.3 Biota samples are to be frozen at < -15 °C (standard freezer on coldest setting) until 
use.  Samples may be stored for a maximum holding time of 1 year. 
 
6.4 Freezing and thawing of sediment samples may adversely affect their homogeneity; 
therefore, sediment samples should be aliquoted and weighed at the laboratory prior to 
freezing.  To better assure homogeneity, large particles such as rocks and sticks should be 
removed by screening the samples through a 2.0 mm sieve.  If wet sediment samples 
have been frozen prior to preparation, they must be sequentially homogenized into 
smaller aliquots as follows.  First the whole sample must be emptied into a clean weigh 
boat and thoroughly homogenized.  Then half of the sample is transferred to another 
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clean weigh boat and thoroughly homogenized.  The procedure is continued until the 
appropriate sample preparation weight is left.  Refer to SOP BR-0106 for further 
discussion of sample homogenization.  Additionally, any other associated sample 
preparations to be performed with the sample (such as percent solids analysis) should 
homogenized and aliquoted at the same time to ensure that the aliquots are similar in 
sample characteristic.  All remaining sample is stored in the original sample container at 
< -15 ºC for up to 1 year. 
 
6.5 All dissection, homogenization, and other handling of the samples are to occur by 
clean room gloved personnel in an environment free of mercury contamination. 

 
7.0 PROCEDURE 
 

7.1 Sample Preparation 
 

7.1.1 General considerations: Dissect and/or homogenize the sample with clean 
stainless steel tools.  Sediment and soil samples may be homogenized with an 
acid-cleaned fluoropolymer spatula.     

 
7.1.2 Hot re-fluxing HNO3/H2SO4 digestion: This procedure is used for biota, 
wood, paper, tissue, sludge, or other soils high in organic content. An aliquot of 
homogenized sample is weighed directly into a glass vial. HNO3 and H2SO4 are 
pipetted into the sample, and the preparation is swirled.   

 
Fluoropolymer cones or glass marbles are placed on each glass vial to allow 
refluxing of the preparation.  Samples are next placed in a sand bath or on a 
hotplate, and brought up to a refluxing boil in temperature increments to avoid 
excessive foaming, especially common with tissue samples. The samples are 
allowed to cool prior to removal from the sand bath or hotplate. BrCl is added to 
each sample, and then the samples are diluted with ultra pure deionized water.   

 
7.1.3 Alternative cold aqua regia digestion: This procedure is for geological 
media such as coal, ores, sediments, and soils.  Since the matrix is leached rather 
than dissolved, the sample must be pulverized prior to digestion if the total 
mercury content is desired. 

 
Weigh sample into a Digestion Tube.  In a fume hood, add HCl, swirl, and add 
HNO3.  The vial may be loosely capped or covered with a clean glass marble or 
fluoropolymer cone.  The preparation should then be allowed to digest at room 
temperature overnight.  

 
Add BrCl, dilute the digestate, shake vigorously, and allow to fully settle prior to 
analysis.   

 
7.2 Analysis:  Analysis is performed very similarly to water samples, which is described 
in BRL SOP-0011. 
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8.0 QUALITY CONTROL 
 
Current method detection limits are listed in Table 1.  For easy reference for QC criteria refer to 
Table 2, which outline typical run sequences and required QA samples and Table 3, which 
describes all required QA frequency requirements and QA acceptance criteria along with 
corrective actions for failed QA. 
 

8.1 All quality control data should be maintained and available for easy reference or 
inspection. 
 
8.2 Calibration data must be composed of a minimum of 4 calibration blanks (one per 
bubbler used) and 5 non-zero point standards.  Such a calibration must be analyzed daily 
prior to beginning analysis and run whenever continuing calibration verification (CCV) 
samples fail to meet acceptance criteria.    
 
8.3 Samples containing high analyte concentrations may be run following dilution.  The 
amount of total mercury measured in the sample aliquot analyzed (PS) must ultimately 
fall below the peak area obtained from the highest standard analyzed and above the 
adjusted PQL. 
 
8.4 Calibration checks must be analyzed after instrument calibration, every ten samples, 
and at the end of the analytical batch.  Calibration checks shall consist of analysis of a 
certified, traceable standard, referred to as a CCV, at a level in the low to mid-range of 
the calibration (i.e. 500 pg) and a bubbler blank, also referred to as a continuing 
calibration blank (CCB).  The CCB only needs to be run after the initial CCV.  In 
addition, a standard from a source other than the one used to make the calibration 
standards must be run prior to the analysis of samples.  This standard is referred to as the 
independent calibration verification (ICV) standard.  The ICV is analyzed at the mid-
range of the calibration (i.e. 1000 pg). The CCV standards must be within ±23% (77-
123%) of the certified value and the ICV standard must be within ±15% (85-115%) for 
analysis to continue. 
 
Carryover check bubbler blanks must be immediately analyzed following any sample 
result that exceeds one half of the “carryover threshold”.  The carryover threshold is 
determined by repeatedly analyzing standards with higher concentrations until a bubbler 
blank analyzed immediately after the standard, using the same bubbler/trap combination, 
yields a result that is > 50 pg and/or deviates from the average calibration blank by more 
than 20 pg.  Currently, the carryover threshold has been determined to be 100,000 pg.  
Therefore, a carryover check bubbler blank is required following any sample result > 
50,000 pg.  Neither the bubbler nor the trap may be used to analyze client samples until it 
has met all bubbler blank criteria.  Any samples analyzed using either the bubbler or the 
trap before the bubbler/trap combination has met the blank criteria must be reanalyzed 
using a different bubbler/trap combination. 
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8.5 A minimum of 3 method blanks (BRL routinely prepares 4 method blanks) per batch 
of 20 client samples must be run.  The criterion for the method blanks is average method 
blank less than two times the MDL and standard deviation less than 0.67 times the MDL 
or less than 1/10th of the associated client samples.   
 
8.6 Matrix spike (MS) and matrix spike duplicate (MSD) recoveries are analyzed at a 
minimal frequency of one per every 10 client samples.  At least one matrix spike sample 
and matrix spike duplicate sample set must be analyzed per batch and at least two must 
be analyzed if more than 10 client samples are in a batch.  Criterion for MS/MSD 
analysis is recoveries of 70-130% with a relative percent difference ≤ 30% for sediment 
and biota and 65-135% with a relative percent difference of ≤ 35% for blood or other 
samples using the micro method. Spiking levels of MS/MSD should be equal to the 
regulatory compliance limit, or 1-5 times the background concentration of the sample, 
whichever is greater.  When samples are found to be greater than the spike level, 
resulting in under spiked MS/MSD samples and possible low recoveries, a post digestion 
spike (PDS) or bubbler spike should be performed.  A spike resulting in a concentration 
1-5 times that of the sample native should be added directly into the bubbler using an 
appropriate calibration standard. 

 
8.7 Certified reference materials (CRM) for mercury in tissues and sediments are 
analyzed at a minimal frequency of once per every 10 client samples.  At least one CRM 
must be analyzed per batch and at least two must be analyzed if more than 10 client 
samples are in a batch.  At least one appropriate CRM must be run for each different type 
of matrix being analyzed in a batch.  The criterion for CRMs is determined using control 
charts. If control charts are not available then CRM results should be within 25% of the 
certified value for the analysis to be considered valid.  CRM sample results not meeting 
this criterion shall be reprepared and analyzed or qualified at the discretion of the lab 
manager.  A list of CRMs currently in stock at BRL is included as Table 4. 
 
8.8 Method duplicate (MD) samples should be prepared and analyzed in conjunction with 
the MS/MSD samples and whenever samples are deemed to have matrices that are so 
heterogeneous that it might affect the analysis of the sample.  The acceptance criterion 
for duplicate analysis is RPD ≤ 30% or ± two times the PQL if the sample results are ≤ 
five times the PQL. 

 
9.0 REFERENCES 
 

Bloom, N.S. and Crecelius, E.A.  (1983).  "Determination of Mercury in Seawater at 
Subnanogram per Liter Levels."  Mar. Chem.  14:49. 

 
Bloom, N.S. and Fitzgerald, W.F.  (1988).  "Determination of Volatile Mercury Species 

at the Picogram Level by Low-Temperature Gas Chromatography with Cold-
Vapour Atomic Fluorescence Detection."  Anal. Chim. Acta.  208:151. 

 
EPA Appendix to Method 1631.  (2001).  “Total Mercury in Tissue, Sludge, Sediment, 

and Soil by Acid Digestion and BrCl Oxidation.” 
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EPA Method 1631.E.  (8/02).  “Mercury in Water by Oxidation, Purge and Trap, and Cold 

Vapor Atomic Fluorescence Spectrometry.” 
 

Fitzgerald, W.F. and Gill, G.A.  (1979).  "Sub-Nanogram Determination of Mercury by 
Two-Stage Gold Amalgamation and Gas Phase Detection Applied to Atmospheric 
Analysis."  Anal. Chem.  15:1714. 

 
Liang, L. and Bloom, N.S.  (1992).  “Determination of Total Hg by Single-Stage Gold 

Amalgamation with Cold Vapor Atomic Spectrometric Detection.”  JAAS.  June 
8:001 
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10.  TABLES AND BENCHSHEETS 
 
Table 1 Current Method Detection Limits and Minimum Levels Determined at BRL for the 

Analysis of Total Mercury in Solids Using EPA Method 1631, Appendix 
 

Matrix 
 

Preparation Method 
Method Detection 

Limit (MDL)1 
Minimum Level 

(ML) 

Sediment/Sludge Aqua regia cold digestion 
(regular BrCl level) 0.03 ng/g 0.10 ng/g 

Coal (samples high in 
elemental carbon) 

Aqua regia cold digestion 
(increased BrCl level) 0.20 ng/g  0.60 ng/g 

Biota/Sediment HNO3/H2SO4 hot digestion 0.04 ng/g 0.10 ng/g 

Biota/Sediment Micro volume hot digestion 1.5 ng/g 4.5 ng/g 

Hair (w/washing step) HNO3/H2SO4 hot digestion 0.80 ng/g 2.50 ng/g 

 
  NOTES: 
 

1. MDL as determined by the procedure 40 CFR Part 136, Appendix B. 
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Table 2. - Run Sequence for Total Hg in Solids (suggested) 
Run Run Name Section Name Analyze Requirements 

     

01 
02 
03 
04 

Calib. Blank 
Calib. Blank 
Calib. Blank 
Calib. Blank 

Calibration Blanks 

CB 
CB 
CB 
CB 

each CB <50 pg 
Ave. <25 pg 

StDev <10 pg 

05 
06 
07 
08 
09 

25 pg std 
100 pg std 
500 pg std 

2500 pg std 
10000 pg std 

Calibration* 

25 pg Hg 
100 pg Hg 
500 pg Hg 
2500 pg Hg 
10000 pg std 

RSD<15% 
Rec. Low Std. = 75-125% 

10 OPR (500 pg std) Ongoing Precision and 
Recovery  5.0 ng.L-1 std Recovery 77-123% 

11 ICV (1000 pg std) Independent Calibration 
Verification 

10.0 ng.L-1 std, 
different source Recovery 85-115% 

12 CCB Calibration Check Calib. Check Blank < 50 pg, ± 20 pg from ave. 
13 
14 
15 
16 

Method Blank 
Method Blank 
Method Blank 
Method Blank 

Method Blanks 

MB 
MB 
MB 
MB 

Average < 2 x MDL and 
St. Dev. < 2/3rd of MDL or 
High MB < 1/10th sample 

17 
18 

CRM-1 
CRM-2 Certified Reference Materials CRM 

CRM 
Recovery = 75-125% 

Blood CRM Rec. = 65-135% 

19 LFB Laboratory Fortified Blank Blank Matrix Spiked at 
4.0 ng 

Recovery = 70-130% 
(use only if no CRM available) 

20 
21 

Sample 01 
Sample 01-MD 

Sample Analysis 
Duplicate Analysis 

Sample 01 Native 
Sample 01 Duplicate 

RPD≤30% or ±2xPQL if results 
≤5xPQL 

22 
23 

Sample 01-MS 
Sample 01-MSD 

Matrix Spike Analysis  Spike 
Duplicate Analysis 

01 + Spike 
01 + Spike 

Recovery = 70-130% 
RPD≤30%** 

24 
25 
26 
27 
28 
29 
30 
31 
32 

Sample 02 
Sample 03 
Sample 04 
Sample 05 
Sample 06 
Sample 07 
Sample 08 
Sample 09 
Sample 10 

Sample Analysis 

Sample 02 
Sample 03 
Sample 04 
Sample 05 
Sample 06 
Sample 07 
Sample 08 
Sample 09 
Sample 10 

 

33 OPR (500 pg std) Ongoing Precision and 
Recovery  5.0 ng.L-1 std Recovery 77-123% 

34 
35 

Sample 11 
Sample 11-MD 

Sample Analysis 
Duplicate Analysis 

Sample 11 Native 
Sample 11 Duplicate 

RPD≤30% or ±2xPQL if results 
≤5xPQL 

36 
37 

Sample 11-MS 
Sample 11-MSD 

Matrix Spike Analysis  Spike 
Duplicate Analysis 

11 + Spike 
11 + Spike 

Recovery = 70-130% 
RPD≤30%** 

38 
39 
40 
41 
42 
43 
44 
45 
46 

Sample 12 
Sample 13 
Sample 14 
Sample 15 
Sample 16 
Sample 17 
Sample 18 
Sample 19 
Sample 20 

Sample Analysis 

Sample 12 
Sample13 
Sample 14 
Sample 15 
Sample 16 
Sample 17 
Sample 18 
Sample 19 
Sample 20 

 

47 OPR (500 pg std) Ongoing Precision and 
Recovery 5.0 ng.L-1 std Recovery 77-123% 

* Calibration Curve may be adjusted depending on expected concentration range of samples and on the linear range due to 
instrumentation. 

** Matrix spike / spike duplicate acceptance criteria for blood and small mass samples is recovery = 65-135% with an         
RPD ≤ 35%. 
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Table 3.  Quality control criteria for the analysis of mercury in solids by CVAFS 
 

QC Sample 
 

Measure 
Minimum 
Frequency 

 
Criteria 

 
Corrective Action 

Bubbler Blank Contamination 
from bubblers 

1 per bubbler used 
prior to analysis, then 
following initial CCS 

each ≤ 50 pg 
avg ≤ 25 pg 
std ≤10 pg 

Clean and test bubblers until 
criteria met prior to any 

analysis 

Calibration 
Standards 

Acceptability of 
the Calibration 

Curve 

Each day prior to 
analyzing samples and 
whenever OPR/QCS 

analysis fails 

RSD of response 
factors ≤ 15%; 

Recovery of Low 
Standard 

= 75 – 125% 

Reanalyze suspect calibration 
standard.  If criteria still not 
met, then remake standards 

and recalibrate the instrument 

Independent 
Calibration 
Verification 

 (ICV) 

Test of the entire 
analytical 

system 

1 per batch following 
the calibration 

(following calibration 
blanks if verifying 
past calibration) 

Recovery = 
85 – 115% 

Correct problem prior to 
continuing analysis, 

recalibrate system if required 

Ongoing Precision 
and Recovery 

(OPR) 
Accuracy 

2 per batch  (one at the 
beginning and one at 
the end of each batch) 

Recovery = 
77 – 123% 

Correct problem and reanalyze 
OPR.  If criteria met, 

reanalyze samples backwards 
until 2 consecutive results 

w/RPD ≤ 20% 

Carryover Check 
Bubbler Blank 

Contamination 
due to carryover 

in the 
bubbler/trap 

On same bubbler/trap 
following any result 

exceeding ½ the 
carryover threshold of 

100,000 pg 

≤ 50 pg and 
within ± 20 pg of 
avg bubbler blank 

Clean and continue to test 
bubbler/trap combo until 

criteria met prior to further 
use.  Samples analyzed 

following a result ≥ ½ the 
carryover threshold must be 

reanalyzed 

Method Blank 
Contamination 
from reagents, 
lab ware, etc. 

3 per batch 

Avg < 2 x MDL 
StDev < 2/3rd of 

MDL or High MB 
< 1/10th of 
associated 
samples 

Correct problem until criteria 
met.  All samples associated 
with a contaminated method 
blank must be reanalyzed or 

qualified accordingly. 

Certified Reference 
Material (CRM) Accuracy 1 per 10 client samples 

Recovery = 
75 – 125%;  

 
Blood CRM Rec. 

= 65 – 135% 

Correct problem prior to 
continuing analysis 

Matrix Spike/Spike 
Duplicate 

Accuracy and 
Precision within 
a given matrix 

1 per 10 client samples 

Recovery = 
70 – 130%; 
RPD ≤ 30% 

 
Blood and Small 

Mass Criteria 
Recovery = 
65 – 135%; 
RPD ≤ 35% 

If recoveries similar but fail 
recovery criteria, interference 
may be present in the sample 

and the result must be 
qualified. 

If RPD criteria not met, then 
the system is not in control. 

Correct problem and reanalyze 
all associated samples. 

Method Duplicate Precision within 
a given matrix 

In conjunction with 
MS/MSD samples and 

when deemed 
necessary 

RPD ≤ 30% 
 

Blood and Small 
Mass Criteria 
RPD ≤ 35% 

If RPD criteria not met, then 
the system is not in control. 

Correct problem and reanalyze 
all associated samples or 

qualify accordingly. 
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Table 3.  Quality control criteria for the analysis of mercury in solids by CVAFS 
 

QC Sample 
 

Measure 
Minimum 
Frequency 

 
Criteria 

 
Corrective Action 

Bubbler Blank Contamination 
from bubblers 

1 per bubbler used 
prior to analysis, then 
following initial CCS 

each ≤ 50 pg 
avg ≤ 25 pg 
std ≤10 pg 

Clean and test bubblers until 
criteria met prior to any 

analysis 

Calibration 
Standards 

Acceptability of 
the Calibration 

Curve 

Each day prior to 
analyzing samples and 
whenever OPR/QCS 

analysis fails 

RSD of response 
factors ≤ 15%; 

Recovery of Low 
Standard 

= 75 – 125% 

Reanalyze suspect calibration 
standard.  If criteria still not 
met, then remake standards 

and recalibrate the instrument 

Independent 
Calibration 
Verification 

 (ICV) 

Test of the entire 
analytical 

system 

1 per batch following 
the calibration 

(following calibration 
blanks if verifying 
past calibration) 

Recovery = 
85 – 115% 

Correct problem prior to 
continuing analysis, 

recalibrate system if required 

Ongoing Precision 
and Recovery 

(OPR) 
Accuracy 

2 per batch  (one at the 
beginning and one at 
the end of each batch) 

Recovery = 
77 – 123% 

Correct problem and reanalyze 
OPR.  If criteria met, 

reanalyze samples backwards 
until 2 consecutive results 

w/RPD ≤ 20% 

Carryover Check 
Bubbler Blank 

Contamination 
due to carryover 

in the 
bubbler/trap 

On same bubbler/trap 
following any result 

exceeding ½ the 
carryover threshold of 

100,000 pg 

≤ 50 pg and 
within ± 20 pg of 
avg bubbler blank 

Clean and continue to test 
bubbler/trap combo until 

criteria met prior to further 
use.  Samples analyzed 

following a result ≥ ½ the 
carryover threshold must be 

reanalyzed 

Method Blank 
Contamination 
from reagents, 
lab ware, etc. 

3 per batch 

Avg < 2 x MDL 
StDev < 2/3rd of 

MDL or High MB 
< 1/10th of 
associated 
samples 

Correct problem until criteria 
met.  All samples associated 
with a contaminated method 
blank must be reanalyzed. 

Certified Reference 
Material (CRM) Accuracy 1 per 10 client samples 

Recovery = 
75 – 125%;  

 
Blood CRM Rec. 

= 65 – 135% 

Correct problem prior to 
continuing analysis 

Matrix Spike/Spike 
Duplicate 

Accuracy and 
Precision within 
a given matrix 

1 per 10 client samples 

Recovery = 
70 – 130%; 
RPD ≤ 30% 

 
Blood and Small 

Mass Criteria 
Recovery = 
65 – 135%; 
RPD ≤ 35% 

If recoveries similar but fail 
recovery criteria, interference 
may be present in the sample 

and the result must be 
qualified. 

If RPD criteria not met, then 
the system is not in control. 

Correct problem and reanalyze 
all associated samples. 

Method Duplicate Precision within 
a given matrix 

In conjunction with 
MS/MSD samples and 

when deemed 
necessary 

RPD ≤ 30% 
 

Blood and Small 
Mass Criteria 
RPD ≤ 35% 

If RPD criteria not met, then 
the system is not in control. 

Correct problem and reanalyze 
all associated samples. 
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Brooks Rand Procedure for EPA Method 1631, Revision E:  Mercury in 
Water by Oxidation, Purge and Trap, and Cold Vapor Atomic Fluorescence 

Spectrometry 
 
 
1.0. SCOPE AND APPLICATION 
 

1.1. Method BR-0006 is the performance-based procedure followed at Brooks Rand 
LLC (BRL) as a modification of EPA Method 1631E. BRL has been performing mercury 
analysis by cold vapor atomic fluorescence since 1989, and during this time has 
identified several modifications to EPA Method 1631E that improve the quality of the 
data and the efficiency of the analytical process. These improvements and specific 
information about the equipment and forms used are detailed within this SOP, following 
the organizational format of Method 1631E. Unless specifically stated otherwise in this 
document, all apparatus, materials, reagents, standards, and procedures as stated in EPA 
Method 1631E are used at BRL. 
 

2.0. SUMMARY OF METHOD 
 
2.1. Prior to instrumental analysis, the aqueous samples must be prepared according to 
the procedure discussed in EPA Method 1631E. 
 
2.2. Refer to EPA Method 1631E, section 2.0, for the summary of the method employed 
at Brooks Rand.  

 
2.3. Refer to the Appendix at the end of this document for a summary of differences 
between EPA Method 1631, Revision E, and BRL SOP #BR-0006. 

 
3.0. DEFINITIONS 
 

3.1. Refer to EPA Method 1631E, section 3.0, for definitions of total mercury, dissolved 
mercury, and apparatus, as used within this method.    

 
4.0. CONTAMINATION AND INTERFERENCES 
 

4.1. Refer to EPA Method 1631E, section 4.0, for a detailed account of possible 
contamination routes and interferences that may be encountered during the analysis, and 
descriptions of how these may be avoided or minimized at BRL. 

 
5.0. SAFETY 
 

5.1. Refer to EPA Method 1631E, section 5.0, for safety issues associated with the use 
of this method. 

 
 
 
6.0. APPARATUS AND MATERIALS  



BR-0006 Summary 
Revision 004 

 

 
6.1. Refer to EPA Method 1631E, section 6.0, for a list of materials used in this method.  
 
6.2. Detailed instructions for the decontamination of bottles and other equipment are 
described in BRL SOPs #BR-0400 (Decontamination of Sampling Containers) and #BR-
0404 (Preventing Mercury Contamination of Samples). 

 
6.3. Specific equipment used at BRL is listed below. Any modifications to EPA Method 
1631E are described and explained. 
 

6.3.1. Atomic fluorescence spectrophotometer:  To achieve the low detection 
levels. 

 
6.3.2. Flow meter/needle valve (BRL part #AF-60):  Capable of controlling and 
measuring gas flow to the purge vessel at 200-500 mL⋅min-1. 

 
6.3.3. Teflon adapters (BRL part #AF-80 through #AF-84) and tubing:   

 
6.3.4. Acid-fume and moisture pre-trap:   

 
6.3.5. Cold vapor generator (BRL part #AF-31):   
 
6.3.6. Teflon split bottle:  Used for measurement and pre-reduction of original 
oxidized samples prior to analysis.  

 
6.3.7. Gold wire traps or gold-coated sand traps (BRL part #AF-19 or #AF-20):  
Used for trapping gaseous elemental mercury..   

 
6.3.8. Recorder:  BRL uses direct data acquisition with the BRL Guru 
integration software instead of a chart recorder or integrator as described in EPA 
Method 1631E, section 6.6. The BRL Model III comes complete with the Hg 
Guru™ integrating software. Refer to the “Brooks Rand LLC Model III 
Operations Manual” for Hg Guru™ software/integrator operating instructions. Hg 
Guru™ software requires an IBM compatible computer (minimum requirements 
are a Pentium II® processor running at 400 MHz, a CD-ROM Drive, 128 MB 
RAM, and 50 MB free space on the hard-drive) and runs MS Windows® 98 or 
higher. Use of this integration software is faster, eliminates the expense of chart 
recorders and/or integrators, allows for storage of data in diskette form, and 
eliminates possible transcription errors. 

 
6.3.9. Pipettes:  All plastic pneumatic fixed volume and variable pipettes in the 
range of 10 µL to 5.0 mL. 

 
6.3.10. Sampling Bottles:  BRL uses clean and blank tested glass and 
fluoropolymer bottles for sample collection and preparation. For further 
information on the cleaning (or decontamination) and testing of glass and 
fluoropolymer bottles refer to SOP #BR-0400. 



BR-0006 Summary 
Revision 004 

 

 
6.3.11. Nichrome wire coil (BRL part # AF-40) with plug (AF-41):  Used for 
heating the gold trap to thermally desorb the mercury. 

 
7.0. REAGENTS AND STANDARDS 
 

7.1. Water:  Reagent water is monitored for Hg on a daily basis when calibration blanks 
are analyzed.  A minimum of four 100 mL aliquot of fresh reagent water, each with 0.5 
mL NH2OH•HCl and 0.5 mL of SnCl2, are analyzed at the beginning of the run sequence. 
The average results must be < 25 pg Hg with a standard deviation < 10 pg Hg.  A high 
level of mercury detected in the reagent water analysis may also be attributed to the 
bubbler itself, the SnCl2, or the soda lime pre-traps. Regardless of the source, all analysis 
is stopped until the source of contamination is determined and the problem is corrected.  
The results are stored with each batch. 
 
7.2. Air:  It is vital that the laboratory air be low in both particulate and gaseous 
mercury in order to reduce the risk of contamination. The BRL sample preparation lab 
clean room is equipped with a laminar flow hood that provides incoming air to the lab. 
Outside air, which is very low in Hg, is filtered through a particulate filter and then 
through HEPA filters before entering the mercury lab. Positive pressure is maintained to 
ensure that there is no incoming air through routes other than the laminar flow hoods. 
Sticky mats are located at the entrance as an additional precautionary measure. The 
mercury lab, the sample preparation lab, and the shipping and receiving area are 
monitored monthly for atmospheric mercury levels to ensure that these levels are 
sufficiently low for ultra-trace level mercury analysis. Air from each lab is pumped 
through a soda lime pre-trap and onto either a gold wire or gold-coated sand trap at a 
flow rate of 1 L/min until at least 20 L of air have been collected per trap. A warning 
level has been established at 15 ng Hg/m3 with a shutdown control level at 25 ng Hg/m3.  
Results from the monthly air tests are stored electronically on the BRL computer server. 
 
7.3. Hydrochloric acid:   
 
7.4. Hydroxylamine hydrochloride (NH2OH•HCl), stannous chloride (SnCl2), and 
bromine monochloride (BrCl):  Each of these reagents is prepared according to 
instructions listed in section 7.0 of Method 1631.E.  Reagent blanks must be analyzed 
each time that any reagent listed above is made anew. 
 
7.5. Stock mercury standard:  A commercially available 1000 mg⋅L-1 mercury atomic 
absorption standard that is traceable to NIST is used. 
 
7.6. Intermediate mercury standard solution:   
 
7.7. Mercury working standards:   
 
7.8. Independent Calibration Verification (ICV) Standard:  NIST 1641d is purchased 
directly from the National Institute of Standards and Technology. 
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7.9. Nitrogen:  Grade 4.8 (99.999% purity) nitrogen. 
 
7.10. Helium or Argon:  Grade 4.8 (99.999% purity) inert gas. 

 
8.0. SAMPLE COLLECTION, PRESERVATION, AND HANDLING 
 

8.1. Refer to EPA Method 1631E, section 8.0, and EPA Method 1669 (Sampling 
Ambient Water for Determination of Trace Metals at EPA Water Quality Criteria Levels) 
for a detailed description of sample collection, preservation, and storage methods. 
 

9.0. QUALITY CONTROL 
 

9.1. Refer to EPA Method 1631E, section 9.0, for a detailed description of the quality 
control procedures employed at BRL for this method. Consult Section 18 of this SOP for 
the current MDL (method detection limit) and ML (minimum limit) determined at BRL 
for the analysis of mercury using Method 1631E (Table 1). Acceptance criteria and 
corrective action procedures are listed in Table 2. 
 
9.2. All quality control data should be maintained and available for easy reference 
and/or inspection. 
 
9.3. Samples containing high analyte concentrations should be analyzed at a dilution. 
For all quantified results, peak areas obtained for samples must ultimately fall below the 
peak area obtained from the highest standard analyzed and above the peak area obtained 
from the lowest standard analyzed in the calibration curve. 
 
9.4. Analysts who have not performed EPA Method 1631E previously at BRL must 
complete an initial demonstration of capability (IDOC) study, which includes the analysis 
of samples for MDL determination. Refer to Table 3 in Section 18 of this SOP for the 
general analytical sequence for the IDOC.   
 
9.5. When analyzing client samples, BRL will follow the general analytical sequence 
found in Table 4 of Section 18 of this SOP.   

 
9.6. EPA Method 1631E states that spiking levels of the MS/MSD shall be equal to the 
regulatory compliance limit or 1-5 times the background concentration of the sample, 
whichever is greater. This is achieved at BRL by analyzing the sample to be spiked prior 
to the addition of the spiking solution.   
 
9.7. A minimum of four method blanks prepared at 1.0% BrCl are included with every 
batch. Method blanks must be prepared with the same lot of BrCl used to prepare the 
samples.   
 

10.0. CALIBRATION AND STANDARDIZATION 
 
10.1. Refer to EPA Method 1631E, section 10.0, for a detailed description of 
instrument calibration. 
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10.2. Instrument Calibration:  BRL has adopted the following procedure. 

 
10.1.1. The mercury analyzers built and used at Brooks Rand are capable of 
achieving extremely low detection limits. 
 
10.2.2. Sections 9.0 and 10.0 of EPA Method 1631E do not state a frequency 
requirement for calibration. BRL performs a new calibration each day and 
whenever CCV recovery fails to meet the acceptance criteria as outlined in 
Method 1631E, Table 2. Additionally, analysis of the ICV standard must also 
meet the criterion in Table 2 for the calibration to be validated.  
 
10.2.3. Section 9.4.1.3 of EPA Method 1631.E suggests that the mean peak area 
for all bubbler blanks (including those analyzed during the analytical sequence to 
ensure that no carryover occurs from high-level samples) should be subtracted 
from all raw data before results are calculated. 

 
10.2.4. BRL uses a standard equation to calculate the calibration factor (CFx) 
for Hg in each of the standards. 
 
This calculation differs from the calculation given in 1631.E. 
 

11.0. PROCEDURE 
 
11.1. Sample Preparation: Refer to EPA Method 1631E, section 11.0, for more detailed 
guidelines regarding sample preparation and analysis. Practices employed specifically by 
BRL are outlined below and in the appendix to this SOP. 

 
11.2. Instrumental Analysis:  BRL has adopted the following modifications from EPA 
Method 1631E. 

 
11.2.1. As discussed in Method 1631E and in section 9.4 of this SOP, follow the 
attached analytical sequence (Table 4). Generally, analysts should follow the 
suggestion in Method 1631E that samples suspected to contain the lowest 
concentration of mercury (i.e., known blank samples) should be analyzed first 
followed by samples containing potentially higher levels (i.e., known influent 
samples).  
 
11.2.2. BRL has found that checking for mercury carryover in a bubbler by 
analyzing a bubbler blank is not necessary unless an unusually high level sample 
has been purged.   

 
11.2.3. Any samples run in a bubbler, split bottle and/or on a trap associated with 
a carryover sample (e.g., a sample with > 20,000 pg Hg) must be reanalyzed, if 
sufficient sample volume exists. 
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11.3. Gold traps should be tracked by unique identifiers so that any trap producing poor 
results can be quickly recognized and discarded. Occasionally due to inadvertent contact 
with halogen fumes, bubbler solution, organic fumes, or overheating, a sampling trap will 
become damaged, giving low and irreproducible results. Suspect traps should be checked 
with at least two consecutive standard runs before continued use. Traps should be 
replaced quarterly or as soon as possible after quality control results indicate their 
degradation.  Additionally, traps should be replaced whenever integration peaks become 
abnormally shaped (no longer symmetrical with steep slopes). 

 
12.0. DATA ANALYSIS AND CALCULATIONS 
 

12.1. The following equations are used at BRL to calculate sample results. 
  

12.2. To calculate the amount of mercury measured during an analytical run (P), 
employ the following formula: 

 
P = Hg (pg) = CFm (AS – ACB) 
 
Where: 
 CFm =  mean calibration factor 
 AS    =  gross peak area measured in sample analysis 
 ACB  =  mean peak area for Hg in calibration bubbler blanks 

            
12.3. To determine the concentration of total mercury in a sample, the calculation is 
performed as follows: 
 

Hg (in ng/L or ppt) = {[(P/VA)*VD]-MB}/ VO 
 
Where: 
 P   = Hg (pg) from equation in section 12.2 
 VA = volume (mL) of the sample preparation that was analyzed  
 VD = final dilution volume (mL) of the sample preparation  
 VO = volume (mL) of the original sample used in the preparation 
MB = multiple of the average result (in total pg Hg) for the 0.5% BrCl 

method blanks.   
 

Note: The multiplier of the average 1.0% BrCl method blank result is based on 
the concentration of BrCl in the prepared sample. A multiplier of 1 is 
applied if the sample was prepared at 1.0% BrCl, 2 if the sample was 
prepared at 2.0% BrCl, 5 if the sample was prepared at 5.0% BrCl, etc. 
This is only allowed if the linear regression yielded by the initial reagent 
blank testing as described in Section 7.4 of this SOP yields the following: 

 r ≥ 0.995 and b ≤ 0.2 ng/L. Otherwise, method blanks must be prepared at 
each of the BrCl concentrations used to prepare the samples. (These 
criteria do not apply if the reagent blank units are less than 1 pg since all 
of the method blank testing results for the different BrCl concentrations 
would be below the MDL.) 
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12.4.  It is BRL’s policy to method blank correct sample results unless specifically 
requested not to do so by the client.  
 
12.5. Method 1631E states that results below the ML should be reported as les than the 
level of the ML or as required by the regulatory authority, and field blank results below 
the ML but above the MDL should be reported to 2 significant digits. Because BRL is 
not always aware of the original source of a sample or the specific needs or requirements 
of our clients, all results above the BRL determined MDL are reported to 3 significant 
digits.  

 
13.0. METHOD PERFORMANCE 
 

13.1. Refer to EPA Method 1631E, section 13.0, for information regarding the 
verification of this method. 

 
14.0. POLLUTION PREVENTION  
 

14.1 Refer to EPA Method 1631E, section 14.0, for EPA recommendations regarding 
pollution prevention techniques.  

 
15.0. WASTE MANAGEMENT 
 

15.1. Refer to EPA Method 1631E, section 15.0, for information and references related 
to managing waste produced by application of this method. 

 
16.0. REFERENCES 
 

16.1. EPA Method 1631, Revision E:  Mercury in Water by Oxidation, Purge and Trap, 
and Cold Vapor Atomic Fluorescence Spectrometry, August 2002 (including 
references cited in section 16.0). 

 
16.2. Model III (CVAFS Mercury Analyzer) Operating Manual, September 2004.  

Brooks Rand LLC, 3958 6th Ave NW, Seattle, WA. 
 
16.3. EPA Method 1669:  Sampling Ambient Water for Trace Metals at EPA Water 

Quality Criteria Levels, July 1996. 
 

17.0. GLOSSARY 
 

17.1. Refer to EPA Method 1631E, section 17.0, for additional definitions of terms 
used throughout the text of 1631E.    
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18.0. FIGURES (1631E), TABLES, AND BENCHSHEETS 
 

18.1. BRL has adopted the following modifications to the figures illustrated in section 
18.0 of EPA Method 1631E. 

 
18.1.1. Figure 1: Schematic Diagram of Bubbler Setup and Figure 2: Schematic 
Diagram of the Bubbler, Purge and Trap, Cold Vapor Atomic Fluorescence 
Spectrometer (CVAFS) System. Instead of the setup shown in these figures, BRL 
uses the setup illustrated in Figure 1 of this document, BR-0006, Section 6.3.6. 
  
18.1.2. Figure 3: Schematic Diagram of the Flow-Injection, Cold Vapor Atomic 
Fluorescence Spectrometer (CVAFS) System. This system is not employed by 
BRL. 

   
Table 1. Current Method Detection Limits and Minimum Levels Determined at Brooks Rand 

LLC for the Analysis of Total Mercury in Water Using EPA Method 1631 
 

 
Matrix 

 
Preparation Method 

Method Detection 
Limit (MDL)1 

Minimum Level 
(ML) 

Water Digestion 0.15 ng/L 0.40 ng/L 
 
   NOTES: 

1. MDL as determined by the procedure 40 CFR Part 136, Appendix B. 
 MDL and ML reported here are for method blank corrected results. 
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Table 2. Quality control criteria and corrective action procedures for the analysis of total 
mercury by CVAFS 

 
 

QC Sample 
 

Measure 
Minimum 
Frequency 

 
Criteria 

 
Corrective Action 

Calibration Blanks / 
Bubbler Blank 

Contamination 
from split bottles / 

bubblers 

1 per split bottle 
/ bubbler used 

each ≤ 50 pg 
avg ≤ 25 pg 
std ≤10 pg 

Clean and test split bottles / 
bubblers until criteria met 

prior to any further analysis 

Calibration 
Standards 

Acceptability of 
the calibration 

curve 

Daily (first 
batch of the 

day) or when 
OPR/QCS fail 

RSD of response 
factors ≤ 15%; 

Recovery of Low 
Standard 

= 75 – 125% 

Reanalyze suspect calib stand  
w/diff trap/bubbler. If criteria 

still not met, then remake 
standards and recalibrate the 

instrument. 

Continuing 
Calibration 

Verification (CCV) 
Accuracy 

1 immediately 
after calibration 
followed by 1 

every 10 
samples and 1 
at the end of 
each batch) 

Recovery = 
77 – 123% 

Correct problem and 
reanalyze CCV. If criteria 

met, reanalyze samples 
backwards until 2 

consecutive results w/RPD ≤ 
20%. Otherwise, recalibrate 

system. 

Carryover Check 
Bubbler Blank 

Contamination 
due to carryover 

in the bubbler/trap 

Perform on 
same 

bubbler/trap 
combination 

following any 
measured result 
≥ 20,000 pg  

≤ 50 pg 
(within ± 20 pg of 
avg bubbler blank 

before used for 
additional 
analyses) 

Remake and condition the 
soda-lime trap.  Clean and 

continue to test bubbler/trap 
combo until criteria met prior 

to further use. Samples 
analyzed using same bubbler 
and/or trap following a result 

≥ 20,000 pg must be 
reanalyzed. 

Method Blank 
(1% BrCl in reagent 

water) 

Contamination 
from reagents, lab 

ware, etc. 

1 per 
preparation 

method, 
minimum of 4 

per batch 

Each MB ≤ 0.5 
ng/L and StDev ≤ 
2/3 the MDL or 

highest MB < 0.1 
times the lowest 
reported result.  

Correct problem until criteria 
met. All samples affected by 
high method blanks (sample 
< 10x the highest MB) must 

be qualified accordingly. 

Independent 
Calibration 

Verification (ICV) 

Independent 
check of system 

performance 
1 per batch Recovery = 

85 – 115% 

Correct problem prior to 
continuing analysis. 

Otherwise, recalibrate 
system. 

Matrix Spike / 
Matrix Spike 

Duplicate 

Accuracy and 
Precision within a 

given matrix 

1 per 10 client 
samples 

Recovery = 
71 – 125%; 
RPD ≤ 24% 

If recoveries similar but fail 
recovery criteria, an 

interference is present in the 
sample and the result must be 

qualified. 
If RPD criteria not met, then 
the system is not in control. 

Correct problem and 
reanalyze all associated 

samples. 

Method Duplicate Precision within a 
given matrix 

As per client 
request 

RPD ≤ 24% or  if 
results < 5x the 
PQL then ± the 

PQL of one 
another 

If RPD criteria not met, then 
the system is not in control. 

Correct problem and 
reanalyze all associated 

samples. 



BR-0006 Summary 
Revision 004 

 

Table 3. Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Initial Demonstration of Capability for the Analysis of Total Mercury. 

 
Run Run Name Section Name Analyze Requirements 

     

1 
2 
3 
4 

CB 
CB 
CB 
CB 

Calibration 

Split bottle blank 
Split bottle blank 
Split bottle blank 
Split bottle blank 

< 50 pg; ave. < 25 pg; stdev < 10 pg 

5 
6 
7 
8 
9 

25 pg std 
100 pg std 
500 pg std 
2500 pg std 

10000 pg std 

Calibration 

25 pg Hg 
100 pg Hg 
500 pg Hg 
2500 pg Hg 

10000 pg Hg 

RSD of CF < 15%; 
recovery of low 

standard = 75-125% 

10 
11 
12 
13 

IPR std (500 pg) 
IPR std (500 pg) 
IPR std (500 pg) 
IPR std (500 pg) 

Initial Precision and 
Recovery 

500 pg Hg 
500 pg Hg 
500 pg Hg 
500 pg Hg 

Ave. recovery 79-121%, RSD < 21% 

14 
  15 
16 
17 

Method Blank 
Method Blank 
Method Blank 
Method Blank 

Method Blanks for MDL 

Method blanks 
prepared at same 

BrCl level as MDL 
samples 

Each ≤ 0.5 ng/L 
StDev ≤ 0.07 ng/L 

18 
19 
20 
21 
22 
23 
24 

MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 

Method Detection Limit 

DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 

MDL ≤ 0.1 ng/L 

25 CCV (500pg std) Continuing Calibration 
Verification 500 pg Hg Recovery 77-123% 

 
Notes 

1. All standards and samples are corrected for mean calibration blank. 
2. All samples are corrected for mean method blank. 
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Table 4. Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Analysis of Total Mercury.  

 
Run Run Name Section Name Analyze Requirements 

     

1 
2 
3 
4 

CB 
CB 
CB 
CB  

Calibration Blanks 

Split bottle blank 
Split bottle blank 
Split bottle blank 
Split bottle blank 

Each < 50 pg; Ave. < 25 pg; StDev < 10 pg 

5 
6 
7 
8 
9 

25 pg std 
100 pg std 
500 pg std 
2500 pg std 

10000 pg std 

Calibration 

25 pg Hg 
100 pg Hg 
500 pg Hg 
2500 pg Hg 

10000 pg Hg 

StDev < 15% of Ave. RF 
 

Recovery of 25 pg std = 75-125% 

10 ICV (1000pg std)  Independent Calibration 
Verification 

1000 pg (different 
standard) Recovery 85-115% 

11 CCV (500pg std) Continuing Calibration 
Verification 500 pg Hg Recovery 77-123% 

12 Method Blank 01 Method Blank 1.0% BrCl MB All MB ≤ 0.5 ng/L 

13 CCB Continuing Calibration Blank 

Same split bottle 
and bubbler 

associated w/the 
10000 pg std. 

< 50 pg and within ± 20 pg 
 of the average CB 

14 
15 
16 

Method Blank 02 
Method Blank 03 
Method Blank 04 

Method Blank 
1.0% BrCl MB 
1.0% BrCl MB 
1.0% BrCl MB 

Each ≤ 0.5 ng/L 
StDev ≤ 0.07 ng/L 

Next Field, Equipment, 
or Bottle Blanks 

Field, Equipment, or Bottle 
Blanks 

Field, Equipment, 
or Bottle Blanks < ML or < 1/5th of associated sample conc. 

Next 

1st Half of 
Samples 

(including MS1 
and MSD1) 

Sample Analyses 
Matrix Spike 

Matrix Spike Duplicate 

Sample X 
X + spike 

X + dup. spike 
Other Samples 

Recovery 71-125%; RPD < 24% 
Recovery 71-125%; RPD < 24% 

Next CCV (500pg std) Continuing Calibration 
Verification 5.0 ng/L Recovery 77-123% 

Next 

2nd Half of 
Samples 

(including MS2 
and MSD2) 

Sample Analyses 
Matrix Spike 

Matrix Spike Duplicate 

Sample Y 
Y + spike 

Y + dup. spike 
Other Samples 

Recovery 71-125%; RPD < 24% 
Recovery 71-125%; RPD < 24% 

Last CCV (500pg std) Continuing Calibration 
Verification 500 pg Hg Recovery 77-123% 

 

Notes 
1. All standards and samples are corrected for mean calibration blank. 
2. All samples prepared with one level of BrCl are corrected by multiplication of the 1.0% BrCl MB result by the factor 

required to produce a result equivalent to that of the BrCl level used to oxidize the sample.   
3. Field and equipment blanks are only analyzed if provided by clients.  Bottle blanks are analyzed for the bottles 

provided by Brooks Rand LLC. 
4. A carry-over blank is run following any high-level sample (≥20,000 pg measured).  The carry-over blank is analyzed 

using the same split bottle, bubbler, and trap associated with the high-level sample. 
5. Field blanks and other potentially low-level samples should be analyzed at the beginning of the analytical run; samples 

suspected to contain comparatively high levels of mercury should be run at the end of the sequence. 
6. Reagent blanks must be analyzed when new BrCl is made and must average less than 20 pg of Hg per blank unit. 
7. Equipment blanks are analyzed only on a project-specific basis. 
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Table 2. Quality control criteria and corrective action procedures for the analysis of total 
mercury by CVAFS 

 
 

QC Sample 
 

Measure 
Minimum 
Frequency 

 
Criteria 

 
Corrective Action 

Calibration Blanks / 
Bubbler Blank 

Contamination 
from split bottles / 

bubblers 

1 per split bottle 
/ bubbler used 

each ≤ 50 pg 
avg ≤ 25 pg 
std ≤10 pg 

Clean and test split bottles / 
bubblers until criteria met 

prior to any further analysis 

Calibration 
Standards 

Acceptability of 
the calibration 

curve 

Daily (first 
batch of the 

day) or when 
OPR/QCS fail 

RSD of response 
factors ≤ 15%; 

Recovery of Low 
Standard 

= 75 – 125% 

Reanalyze suspect calib stand  
w/diff trap/bubbler. If criteria 

still not met, then remake 
standards and recalibrate the 

instrument. 

Ongoing precision 
and recovery (OPR) Accuracy 

1 immediately 
after calibration 
followed by 1 

every 10 
samples and 1 
at the end of 
each batch) 

Recovery = 
77 – 123% 

Correct problem and 
reanalyze OPR. If criteria 
met, reanalyze samples 

backwards until 2 
consecutive results w/RPD ≤ 
20%. Otherwise, recalibrate 

system. 

Carryover Check 
Bubbler Blank 

Contamination 
due to carryover 

in the bubbler/trap 

Perform on 
same 

bubbler/trap 
combination 

following any 
measured result 
≥ 20,000 pg  

≤ 50 pg 
(within ± 20 pg of 
avg bubbler blank 

before used for 
additional 
analyses) 

Clean and continue to test 
bubbler/trap combo until 

criteria met prior to further 
use. Samples analyzed using 

same bubbler and/or trap 
following a result ≥ 20,000 

pg must be reanalyzed. 

Method Blank 
Contamination 

from reagents, lab 
ware, etc. 

1 per 
preparation 

method, 
minimum of 3 

per batch 

MB w/0.5% BrCl  
≤ 0.5 ng/L or < 0.1 

times the lowest 
reported result.  

Correct problem until criteria 
met. All samples associated 
with a contaminated method 

blank must be reprepared and 
reanalyzed. 

Quality Control 
Sample (QCS) 

Independent 
check of system 

performance 
1 per batch Recovery = 

85 – 115% 

Correct problem prior to 
continuing analysis. 

Otherwise, recalibrate 
system. 

Matrix Spike / 
Matrix Spike 

Duplicate 

Accuracy and 
Precision within a 

given matrix 

1 per 10 client 
samples 

Recovery = 
71 – 125%; 
RPD ≤ 24% 

If recoveries similar but fail 
recovery criteria, an 

interference is present in the 
sample and the result must be 

qualified. 
If RPD criteria not met, then 
the system is not in control. 

Correct problem and 
reanalyze all associated 

samples. 

Method Duplicate Precision within a 
given matrix 

As per client 
request RPD ≤ 24% 

If RPD criteria not met, then 
the system is not in control. 

Correct problem and 
reanalyze all associated 

samples. 



 
 
 

Statistical Analysis and Summary of the HgRR7 
 Mercury Round Robin Data 

 
 
 

            Xu-Feng Niu1 and Andrew Tintle2          
 
 

1 Department of Statistics 
Florida State University 
Tallahassee, FL 32306 

 
 

2Florida Department of Environmental Protection 
2600 Blairstone Road, MS 6511 

Tallahassee, FL 32399 
 
 
 
 
 

July-December  2006 
 

Technical Report Submitted to 
the Florida Department of Environmental Protection 

for the Fulfillment of Task 2,  Assignment 1, 
Contract No. LAB027 

 
 
 
 
 
 
 
 
 



 
TABLE OF CONTENTS 
 
 

1. Introduction.……………………………………………………………………. 3 
 

2. HgRR7 Mercury Round Robin Analysis and Scores  (Total Mercury)…….….. 5 
 

     Site G310…..…...…………………………………………………………….5 
                 Site G335…...………………………………………………………………...8 
                 Site  S6... …………………………………………………………………… 11 
                 Summary …..……………………………………………………………….. 14 
                  

3. HgRR7 Mercury  Round Robin Analysis and Scores  (Methyl Mercury)...…….17 
 

     Site  G310……...……………………………………………………………. 17 
                 Site G335.,,…………………………………………………………………...20 
                 Site  S6... ………………………………………………………………….….23 
                 Summary …..…………………………………………………………………26 
      

4. References……………………………………………………………………… .29 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 2



 
 
1. Introduction 
 
    The Mercury Round Robin (HgRR) Inter-laboratory Comparison Program was initiated  
by the Florida Department of Environmental Protection (FDEP) for the purpose of assessing 
the comparability of total and methyl mercury data.  Participating laboratories received 9 
unknown samples of ambient water from the Florida Everglades for analysis of total and/or 
methyl mercury.  
 
     One-way layout linear models were used in total phosphorus and mercury Round Robin 
data analysis (Lin and Niu, 1998). Let Y  be the testing result of the ith laboratory on the jth 
replicates at a given testing site. The linear model has the form: 

ij

 
Y i p j rij i ij= + + = =μ α ε , , , ; , , ,*1 1 Λ                                       (1) Λ

 
where p*  is the number of participating laboratories without any outliers, and r is the number 
of replicates from each laboratory. The sample size is n p r= ×* . The random errors ε ij  are 
assumed to be independently and normally distributed with mean zero and variance σ 2 . The 
parameters in model (1) are denoted as β μ α α= −( , , , )'

*1 1Λ p . 
 

     It is quite often that the parameter estimates in a linear model are highly influenced by 
testing results from few laboratories. Lin and Niu (1998) suggested assessing the influence of 
each laboratory by its Cook-Weisberg distance (Cook and Weisberg 1980). Specifically, the 
Cook-Weisberg distance for assessing the influence of the ith laboratory is  
 

D X X
p s

r Y Y
p sI

I I i=
− −

=
−• ••(∃ ∃)' ( ' )(∃ ∃) ( )

* * * *

β β β β
2

2

2 ,                                         (2) 

 
where  is the vector-parameter estimate in the linear model based on testing results from the ∃β
p*  laboratories, ∃β I  is the vector-parameter estimate without using the testing results from the 
ith laboratory, and s*  is the sample variance of the experimental error terms calculated based 
on the residuals from laboratories without outliers.  If the Cook-Weisberg distance for a 
laboratory is large, the parameter estimates in the linear model are highly influenced by the 
testing results from this laboratory.  Under the normality assumption for model (1), 

2

DI  can 
be compared to the F-distribution with p*  and n- p*  degrees of freedom. 
 
  When the number of testing laboratories without any outliers is over 10, the scoring system 
recommended by Lin and Niu (1998) claims that the results from a laboratory are highly 
influential if its Cook-Weisberg distance is large than 3.  Niu and Tintle (2003) studied this 
scoring system for small samples and pointed out that when the number of participating 
laboratories is less than 10, the scoring system needs to be modified. 
 

 3



  Specifically,   Niu and Tintle (2003) recommend the following two scoring systems for the 
analysis of environmental laboratory testing data. The two systems are based on the number 
of testing laboratories without any outliers. 
 
 
Table A1. Rating of Laboratory by Site based on the absolute t-value or the C-W   
    distance when the number of testing laboratories without any outliers is 10 or more 

Rating Absolute t-value or C-W distance 
5   (Very Good) 0.00 to 2.00 
4   (Good) 2.01 to 4.00 
3   (Satisfactory) 4.01 or larger 
2   (Questionable) C-W distance between 3.00 and 10.00 
1   (Poor) C-W distance larger than 10.00 
0   (Unacceptable) With one or more outliers 
 
 
 
Table A2. Rating of Laboratory by Site based on the absolute t-value or the C-W   
    distance when the number of testing laboratories without any outliers is less than 10  

Rating Absolute t-value or C-W distance 
5   (Very Good) 0.00 to 2.00 
4   (Good) 2.01 to 4.00 
3   (Satisfactory) 4.01 or larger 
2   (Questionable) C-W distance between 5.00 and 10.00 
1   (Poor) C-W distance larger than 10.00 
0   (Unacceptable) With one or more outliers 
 
  In this report, we present the statistical analysis and summary of the HgRR7 Mercury Round 
Robin data set. Three sites, G310, G335, and S6, were selected for sampling surface water. 
For each of the three sites, three replicates were provided to each participating laboratory.  
Eleven participating laboratories provided total mercury (ng/L) results; while nine 
laboratories reported methyl mercury (ng/L) measurements. 
 
  Similar to the HgRR Mercury Round Robin data analyses performed by Niu and Tintle 
(2004a, 2004b, 2005),  the second scoring system specified in Table A2 will be used for the 
Methyl Mercury data analysis in this study.
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2. HgRR7 Mercury Round Robin Analysis and Scores  (Total Mercury) 
 
 
 
  a).  Results for the Three Sites 
 

HgRR7-Table 1. ANOVA Summary Table and Laboratory Performance 
For the Total Mercury Results at Site G310 

          
     ANOVA Summary Table 
(Labs D, B, I, and J are excluded) 

 
 Df Sum of Squares Mean Squares F-value p-value 
Laboratory 6 0.731 0.122 16.6 0.000012 
Residuals 14 0.103 0.007   
   

 
Consensus Mean        1.109 
 
 
    Laboratory Performance 
 

Lab Mean C-W Distance t-value Score 
Lab-A 0.937 1.487 -3.75 4 
Lab-B 1.39 With  Outliers 0 
Lab-C 0.91 1.775 -4.34 3 
Lab-D 0.497 9.507 Highly Influential 2 
Lab-E 1.057 0.505 -1.13 5 
Lab-F 1.077 0.392 -0.70 5 
Lab-G 1.20 0.011 1.997 5 
Lab-H 1.07 0.428 -0.84 5 
Lab-I NA NA NA NA 
Lab-J 2.763 42.508 Extremely Influential  1 
Lab-K 1.51 1.464 8.77 3 

 
Note:  Lab-I with one missing value and is excluded from the analysis of 
Site G310 data. 
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HgRR7-Table 2. ANOVA Summary Table and Laboratory Performance 
For the Total Mercury Results at Site G335 

          
 ANOVA Summary Table 
(Labs B, D,  and J are excluded) 

 
 Df Sum of Squares Mean Squares F-value p-value 
Laboratory     7 0.584 0.083 8.063 0.00029 
Residuals   16 0.166 0.010   
 

 
Consensus Mean        1.228 
 
 
   Laboratory Performance 
 

Lab Mean C-W Distance t-value Score 
Lab-A 1.110 0.759 -2.14 4 
Lab-B 2.073 With Outliers  0 
Lab-C 0.943 2.764 -5.18 3 
Lab-D 0.289 22.722 Extremely Influential 1 
Lab-E 1.280 0.004 0.95 5 
Lab-F 1.123 0.653 -1.90 5 
Lab-G 1.333          0.036 1.92 5 
Lab-H 1.293 0.0 1.19 5 
Lab-I 1.247 0.050 0.34 5 
Lab-J 2.823 52.721 Extremely Influential 1 
Lab-K 1.493 0.899 4.83 3 
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HgRR7-Table 3. ANOVA Summary Table and Laboratory Performance 
For the Total Mercury Results at Site S6 

          
 ANOVA Summary Table 

(Labs  D and J are excluded) 
 
 Df Sum of Squares Mean Squares F-value p-value 
Laboratory  8 1.479 0.185 10.62 0.0000202 
Residuals 18 0.313 0.017   
 
   
 

Consensus Mean        1.159 
 
 
    Laboratory Performance 
 

Lab Mean C-W Distance t-value Score 
Lab-A 0.932 1.322 -3.15 4 
Lab-B 1.583 2.419 5.91 3 
Lab-C 0.963 1.042 -2.72 4 
Lab-D 0.272 15.158 Extremely Influential 1 
Lab-E 1.127 0.117 -0.44 5 
Lab-F 1.051 0.429 -1.49 5 
Lab-G 1.267 0.057 1.51 5 
Lab-H 1.083 0.273 -1.05 5 
Lab-I 0.903 1.613 -3.55 4 
Lab-J 2.600 33.406 Extremely Influential 1 
Lab-K 1.517 1.634 4.99 3 
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      b).  Summary Results for Total Mercury 
 

                 Results on total mercury data from the three sites are presented in Table 4a. The fifth and 
sixth columns in the table show the total scores and average scores for the eleven 
participating laboratories. Six laboratories, A, E, F, G, H,  and I, had average scores 4 or 
above. The codes of the participating laboratories for the HgRR7 Mercury Round Robin 
exercises are given in Table 4b. 

 
                  For each participating laboratory, a t-value is calculated for each site based on the average 

measurement with respect to the consensus mean value of that site. A boxplot is constructed 
for each laboratory using its t-values for the three sampling sites.   Figure 4a shows the t-
values for the participating laboratories based on the total mercury results in the HgRR7 
Mercury Round Robin exercise (all the t-values are within the interval (-20, 20). Figure 4b 
plots the t-values again and should be ignored. 

 
                  The t-value plots are not used to evaluate the laboratories’ overall performance because the 

rating of the laboratories is based on the presence of outliers and the Cook-Weisberg (C-W) 
distance in addition to the absolute t-values. The t-value plot serves the purpose of 
identifying systematic mean bias (high or low) with respect to the consensus mean value. For 
example, Figure 4a shows that the t-values of Laboratories A, C, D, and F (especially Lab D) 
are all below zero, which indicate that these laboratories were reporting values systematically 
lower than the consensus mean values at these sites.  While Laboratories B, G, J, and K (in 
particular Labs B and J) tend to give systematically higher measurements than the consensus 
mean values.  
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HgRR7Table 4a.   Summary Table for Laboratory Performance 
Based on Total Mercury Results  

 
 

Lab 
 

G310  a
 

G335 
 

S6  
 

Total-Scoreb
 

 Average  
Lab-A 4 4 4 12.0 4.00 
Lab-B 0 0 3 3 1.00 
Lab-C 3 3 4 10.0 3.33 
Lab-D 2 1 1 4.0 1.33 
Lab-E 5 5 5 15.0 5.00 
Lab-F 5 5 5 15.0 5.00 
Lab-G 5 5 5 15.0 5.00 
Lab-H 5 5 5 15.0 5.00 
Lab-I NA 5 4 9.0 4.50 
Lab-J 1 1 1 3.00 1.00 
Lab-K 3 3 3 9.0 3.0 

 
a. The 5-point scoring scale defined in Table A2 is used to assess a laboratory’s 

performance on each site of HgRR7, with 5.0 = the best and 0.0 = the worst scores. 
b. The total score for a participating laboratory over the three sites with  
      15.0 = the highest and 0.0 = the lowest scores.  

 
 

HgRR7-Table 4b.   Total Mercury Participating Laboratory Names 
 

Real Name Name Used in the Analysis 
Frontier Geosciences Lab-A 
USEPA Region 4 Lab-B 
IVL Swedish Environmental Research Institute Lab-C 
NC Dept. of Environmental and Natural Resources Lab-D 
Brooks Rand LLC Lab-E 
Battelle Marine Science Laboratory Lab-F 
FL Dept. of Environmental Protection Lab-G 
CEBAM Analytical Lab-H 
FIU Lab-I 
Jupiter Environmental Laboratories, Inc Lab-J 
Florida State Univ-Department of Oceanography Lab-K 
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3. HgRR7 Mercury Round Robin Analysis and Scores  (Methyl Mercury) 
 
 
a).  Results for the Three Sites 
 
 

HgRR7-Table 5.  ANOVA Summary Table and Laboratory Performance 
For the Methyl  Mercury Results at Site G310 

          
 ANOVA Summary Table 

(Labs A and H are excluded) 
 
 Df Sum of Squares Mean Squares F-value p-value 
Laboratory   6 0.0094 0.00157 11.88 0.000085 
Residuals  14 0.0018 0.000132   
                
 
Consensus Mean        0.050443 
 
 
    Laboratory Performance 
 

Lab Mean C-W Distance t-value Score 
Lab-A 0.266 With  Outliers 0 
Lab-B 0.014 4.19 -5.88 3 
Lab-C 0.034 1.59 -2.73 4 
Lab-D 0.043 0.75 -1.16 5 
Lab-E 0.051 0.30 0.15 5 
Lab-F 0.057 0.09 1.14 5 
Lab-G 0.070 0.04 3.13 4 
Lab-H 0.165 16.48 Extremely Influential 1 
Lab-I 0.083 0.57 5.35 3 
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HgRR7-Table 6.  ANOVA Summary Table and Laboratory Performance 
For the Methyl Mercury Results at Site G335 

          
 ANOVA Summary Table 

(Labs A and H are excluded) 
 
 Df Sum of Squares Mean Squares F-value p-value 
Laboratory  6 0.0114 0.0019 6.98 0.00136 
Residuals 14 0.0038 0.00027   
                
 
Consensus Mean       0.11752 
 
 
     

Laboratory Performance 
 

Lab Mean C-W Distance t-value Score 
Lab-A 0.322 With Outliers 0 
Lab-B 0.077 2.97 -4.56 3 
Lab-C 0.105 0.83 -1.42 5 
Lab-D 0.100 1.12 -1.99 5 
Lab-E 0.134 0.004 1.83 5 
Lab-F 0.129 0.045 1.26 5 
Lab-G 0.153 0.264 4.06 3 
Lab-H 0.264 14.30 Extremely  Influential 1 
Lab-I 0.125 0.11 0.81 5 
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HgRR7-Table 7.  ANOVA Summary Table and Laboratory Performance 
For the Methyl Mercury Results at Site S6 

          
 ANOVA Summary Table 

(Labs A and H are excluded) 
 
 Df Sum of Squares Mean Squares F-value p-value 
Laboratory  6 0.0097 0.0016 4.9 0.0067 
Residuals 14 0.0046 0.00033   
       
 
 
 
Consensus Mean       0. 0853 
 
 
     

Laboratory Performance 
 

Lab Mean C-W Distance t-value Score 
Lab-A 0.357 With Outliers 0 
Lab-B 0.055 2.43 -3.136 4 
Lab-C 0.081 0.45 -0.449 5 
Lab-D 0.057 2.26 -2.964 4 
Lab-E 0.087 0.22 0.171 5 
Lab-F 0.095 0.036 1.005 5 
Lab-G 0.113 0.19 2.893 4 
Lab-H 0.208 13.37 Extremely Influential 1 
Lab-I 0.109 0.088 2.480 4 
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   b).  Summary Results for Methyl Mercury 

 
                  Results on Methyl mercury data from the three sites are presented in Table 8a. The fifth 

and sixth columns in the table show the total scores and average scores for the nine 
participating laboratories. Except laboratories A, B, G, and H, other five laboratories had 
average scores 4 or above. The codes of the participating laboratories for the HgRR7 Methyl 
Mercury Round Robin exercises are given in Table 8b. 

 
                  For each participating laboratory, a t-value is calculated for each site based on the average 

measurement with respect to the consensus mean value of that site. A boxplot is constructed 
for each laboratory using its t-values for the three sampling sites.   Figures 8a and 8b show 
the t-values for the participating laboratories based on the methyl mercury results in the 
HgRR7 Methyl Mercury Round Robin exercise.  

 
                   The t-value plots are not used to evaluate the laboratories’ overall performance because the 

rating of the laboratories is based on the presence of outliers and the Cook-Weisberg (C-W) 
distance in addition to the absolute t-values. The t-value plot serves the purpose of 
identifying systematic mean bias (high or low) with respect to the consensus mean value. For 
example, Figure 8a shows that the t-values of laboratories A E, F, G, H, and I are all above 
zero, which indicates that these laboratories were reporting values systematically higher than 
the consensus mean values at the sites. In particular,  the t-values of laboratories A and H are 
very large and positive (all well above zero). On the other hand,  laboratories B, C,  and D 
tend to give systematically lower measurements than the consensus mean values.  
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HgRR7-Table 8a.   Summary Table for Laboratory Performance 
Based on Methyl Mercury Results  

 
 

Lab 
 

G310c 
 

G335  
 

S6  
 

Total-Scored
 

 Average  
Lab-A 0 0 0 0.0 0.00 
Lab-B 3 3 4 10.0 3.33 
Lab-C 4 5 5 14.0 4.67 
Lab-D 5 5 4 14.0 4.67 
Lab-E 5 5 5 15.0 5.00 
Lab-F 5 5 5 15.0 5.00 
Lab-G 4 3 4 10.0 3.33 
Lab-H 1 1 1 3.0 1.00 
Lab-I 3 5 4 12.0 4.00 

 
c. The 5-point scoring scale defined in Table A2 is used to assess a laboratory’s 

performance on each site of HgRR7, with 5.0 = the best and 0.0 = the worst scores. 
d. The total score for a participating laboratory over the three sites with 15.0 =  the 

highest and 0.0 = the lowest scores.  
 

 
 
 

HgRR7-Table 8b.   Methyl Mercury Participating Laboratory Names 
 

Real Name Name Used in the Analysis 
WI State Lab of Hygiene Lab-A 
Frontier Geosciences Lab-B 
USEPA Region 4 Lab-C 
IVL Swedish Environmental Research Institute Lab-D 
Brooks Rand LLC Lab-E 
Battelle Marine Science Laboratory Lab-F 
FL Dept. of Environmental Protection Lab-G 
CEBAM Analytical Lab-H 
 FIU Lab-I 
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Determination of Methyl Mercury by Aqueous Phase Ethylation, Trapping 
Pre-Collection, Isothermal GC Separation, and CVAFS Detection:  

BRL Procedure for EPA Method 1630 
 

1.0  SCOPE AND APPLICATION 
 

Method BR-0011 is the performance based procedure followed at Brooks Rand LLC 
(BRL) as EPA Draft Method 1630. Unless specifically stated otherwise in this document, 
all apparatus, materials, reagents, standards and procedures as stated in EPA Method 
1630 are used at BRL. 
 
NOTE: EPA Draft Method 1630 is for the determination of methyl mercury only in 

filtered and unfiltered aqueous samples.  BRL Method BR-0011 is additionally 
for the determination of methyl mercury in sediment and biota.  BRL has 
developed specific sample preparation methods for these matrices.  With the 
exception of the maximum volumes analyzed, the procedures followed for the 
analysis of sediment and biota preparations are identical to the procedures 
followed for aqueous preparations. 

 
2.0  SUMMARY OF METHOD 

 
2.1. Prior to instrumental analysis, aqueous samples are prepared by distillation according 
to the procedure discussed in EPA Draft Method 1630, section 11. Sediment samples are 
prepared by dichloromethane (DCM) extraction.  Biota samples are prepared by alkaline 
digestion.  
 
2.2. Mono-methylmercury (MMHg) is determined by a modification to EPA Draft 
Method 1630. The MMHg is first ethylated with sodium tetraethylborate (NaBEt4) and 
collected by purging with nitrogen onto a quartz tube filled with either CarbotrapTM or 
Tenax. The ethyl mercury derivatives are then thermally desorbed and transferred to a 
GC column held in an oven, which separates the species chromatographically by mass.  
The ethylated Hg compounds are pyrolized to Hgo, then quantified by a cold vapor 
atomic fluorescence spectrophotometer (CVAFS). This method can be applied for the 
determination of MMHg in a variety of sample matrices and has been demonstrated as 
being very sensitive, precise, and accurate. Very good results were obtained for the 
determination of MMHg in standard and certified reference materials and numerous 
intercalibration samples (Liang, Bloom, and Horvat 1994). 
 

3.0  INTERFERENCES 
 

3.1. If properly applied, the distillation procedure will remove most to all significant 
interferences. EPA Method 1630 dictates that fresh water samples must be preserved with 
between 0.3% to 0.5% (v/v) 11.6 M HCl and that salt water samples must be preserved 
with between 0.1% to 0.2% (v/v) 9 M sulfuric acid (H2SO4). 
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3.2. Refer to EPA Method 1630, Section 4.0 for a detailed account of possible 
contamination and interference to the analysis, and how these are avoided or minimized 
at BRL. 

 
4.0 APPARATUS AND MATERIALS USED AT BRL 
 

4.1. Refer to EPA Method 1630, Section 6.0 for a list of materials used in the method 
employed at BRL.  
 

 4.2. Specific equipment used at BRL is listed below.  Any modifications to EPA Method  
1630 are described and explained. 
 

4.2.1. Atomic fluorescence spectrophotometer (BRL part #AF-03):  CVAFS 
systems are built by BRL (BRL Model III).  Refer to the “Brooks Rand, LLC 
Model III Operations Manual” for instrument operating instructions. 
 
4.2.2. Recorder:  BRL uses direct data acquisition with the BRL Guru™ 
integration software instead of a chart recorder or integrator as described in EPA 
Method 1631E, section 6.6. The BRL Model III comes complete with the Guru™ 
integrating software. Refer to the “Brooks Rand LLC Model III Operations 
Manual” for Guru™ software/integrator operating instructions. Guru™ software 
requires an IBM compatible computer (minimum requirements are a Pentium II® 
processor running at 400 MHz, a CD-ROM Drive, 128 MB RAM, and 50 MB 
free space on the hard-drive) and runs MS Windows® 98 or higher. Use of this 
integration software is faster, eliminates the expense of chart recorders and/or 
integrators, allows for storage of data in diskette form, and eliminates possible 
transcription errors. 
 
4.2.3. Reaction and purge vessels (BRL part #AF-32). 
 
4.2.4. Trapping column (BRL part #AF-21). 
 
4.2.5. Isothermal gas chromatography system: Consisting of GC column (BRL 
part #AF-34), GC oven (BRL part #AF-33), pyrolitic column (BRL part #AF-35), 
and temperature controller for GC oven (BRL part #AF-36). 

 
5.0 STANDARDS AND REAGENTS 
 

5.1. Refer to EPA Method 1630, Section 7.0 for a list of standards and reagents employed 
at BRL. 
 
5.2. Water:  18 megohm ultra-pure deionized water starting from a pre-purified (distilled, 
R.O., etc.) source. 

 
5.3. MMHg Standard solutions 
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5.4. Sodium tetraethylborate (NaBEt4) solution.   
 
5.5. Sodium acetate buffer. 
 
5.6. Methanolic potassium hydroxide solution. 
 
5.7.Helium and nitrogen. 

 
5.8.  20% potassium chloride (KCl) / 0.2% L-Cysteine solution. 
 
5.9.  9 M sulfuric acid (H2SO4). 
 
5.10. 0.05% hydroxylamine hydrochloride (NH2OH·HCl). 
 
5.11. Potassium bromide/sulfuric acid solution(KBr/H2SO4). 
 
5.12. 1 M copper sulfate solution (CuSO4). 
 
5.13. DCM (HPLC Grade).   

 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 
 

6.1. Refer to EPA Method 1630, Section 8.0 and EPA Method 1669 (Sampling Ambient 
Water for Determination of Trace Metals at EPA Water Quality Criteria Levels) for a 
detailed description of sample collection, preservation, and storage methods. 
 

7.0 SAMPLE PREPARATION 
 
7.1. Refer to EPA Method 1630, Section 11.0 for a detailed description of the preparation 
of aqueous samples.  Depending on the purposes and definitions of investigations of 
mercury biogeochemistry cycling, samples are prepared in the following methods prior to 
analysis. 

 
7.2.  Preparation of aqueous samples for MMHg analysis. 
 
The following two isolation methods, distillation and solvent extraction, have been used 
in our labs for the determination of MMHg in aqueous samples.  Good agreement was 
obtained in the comparison of the two methods for most water samples studied:  For 
organic rich and/or high level sulfide containing samples, the distillation showed some 
advantages over the solvent extraction method with higher recoveries (85 ± 4%, Horvat, 
Bloom, and Liang, 1993). In addition, extraction consumes large quantities of organic 
solvent, which can result in environmental contamination.  Therefore, distillation is the 
preferred preparation method for aqueous samples at BRL. 
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7.2.1. Distillation: 
 
Reagents: 20% KCl in 0.2% L-Cysteine, 9 M H2SO4 
 
Distillation devices:  Vials and caps for distillation and distillate collection are 
made of fluoropolymer obtained by Savillex Corporation, USA.  Instead of 
fluoropolymer, a glass distillation still may also be used (Horvat and Stoeppler, 
1988). 
 
Distillation procedures:  An aliquot of water sample is transferred into a 
fluoropolymer vial.  Add KCl, L-Cysteine, and H2SO4.  Start the distillation.   
 
The distillate is collected in a fluoropolymer vial containing DDW.  
 
7.2.2.  Solvent extraction 
 
Reagents:  30% KCl (saturated) and DCM. 
 
Extraction procedure:  An extraction procedure described by Bloom (1989) is 
used.  Weigh an appropriate volume of the sample into a fluoropolymer bottle.  
Add KCl and swirl the bottle to mix.  Add DCM.  Shake the bottle for a set period 
of time with a mechanical shaker to reach distribution equilibrium of MMHg 
between aqueous and solvent phases, then allow the two phases to separate.  
Remove the upper phase.  Add DDW to the bottle and place it uncapped on a 
hotplate until all of the DCM has boiled away.  After all visible solvent has 
evaporated, purge the samples N2 to remove any residual solvent.   
 

7.3.  Preparation of biological materials and sediments for MMHg. 
 
7.3.1. Alkaline digestion for biological materials:  Weigh the appropriate amount 
of sample into a fluoropolymer vial.  Add KOH in methanol and cap the vial.  
Digest the samples in an oven.  After digestion, dilute to volume with methanol 
prior to analysis.   
 
7.3.2. Distillation for sediments:  Sediment samples should be distilled directly by 
weighing an appropriate amount into a fluoropolymer vial and adding DDW.  
Distill as per the procedure mentioned above. 
 
7.3.3. Solvent extraction for sediments: Sediment samples may be extracted to 
avoid the potential for artifact formation of MMHg during distillation.  Sediment 
samples are weighed into a clean glass vial with a Teflon® lined screw cap.  KBr, 
H2SO4, and CuSO4 are added to the sample, which is then allowed to leach for a 
set amount of time.  After leaching, DCM is added.  The sample is shaken by 
hand for a set amount of time and then centrifuged to assist in the separation of 
the aqueous layer from the organic layer.  The sample is then passed through 
phase separating filter paper so that only the organic layer is collected.  The 
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organic layer is collected directly in to a Teflon® bottle.  DIW is added to the 
bottle. The sample is then heated until the DCM layer has evaporated off. The 
sample is then diluted with DIW.   

 
7.4.  Holding times for sample preparations. 
 

7.4.1. Distillations:  Water and sediment distillates are stable for up to 48 hours if 
stored at room temperature and in the dark.   
 
7.4.2. Extractions: Water and sediment extractions  are stable for up to 48 hours if 
stored at room temperature in the dark. 
 
7.4.3. Digestions:  Biological digestates are more stable than distillates and may 
be stored up to seven days prior to analysis. 

 
8.0 INSTRUMENT CALIBRATION AND SAMPLE ANALYSIS 

 
8.1. Refer to EPA Method 1630, Sections 10.0, 11.0, and 12.0 for a detailed description 
of the analysis of samples and the calculation of results. 
 
8.2. Instrument Calibration:  BRL follows EPA method 1630, Section 10.0 for the 
instrument calibration with the same exceptions as for sample analysis.  

 
8.3. Instrumental Analysis:  BRL has adopted the following modifications. 

 
For samples, add appropriate sample volumes plus DDW as necessary for a final bubbler 
volume of 50 to 75 mL.  Allow the mixture to react without purging for 15 minutes.   
 
Purge with N2 for 15 minutes.  Then the valve is switched to pass dry gas over the 
column for 5 minutes. Biota samples should be allowed to react without purging for 20 
minutes, purged with N2 for 15 minutes, and allowed to dry for 5 minutes.  

 
9.0 CALCULATIONS 
 

BRL uses the following formulas for the calculation of monomethyl mercury in a given 
sample.  
 
9.1. Mean Calibration Coefficient: 
 
A calibration coefficient (CF) is calculated for each standard used in the calibration as 
follows: 
 

CF = CSpgMMHg / (CSPH – EBPH) 
 
Where CSpgMMHg is the calibration standard measured in picograms of methyl mercury, 
CSPH is the peak height obtained during the analysis of the standard, and EBPH is the 
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mean peak height obtained during the analyses of all of the ethylation blanks.  The mean 
calibration coefficient (CFavg) is then calculated for all of the standards used in the 
calibration. 
 
9.2. Measured methyl mercury in the sample preparation: 
 
The amount of methyl mercury present in the analyzed volume of the sample preparation 
is calculated using the equation: 
 

MMHgmeasured pg = (APH - EBPH) • CFavg 
 
Where APH is the peak height obtained during the analysis of the sample preparation. 
 
9.3. Total methyl mercury in the sample preparation: 
 
The total amount of methyl mercury present in the sample preparation is calculated using 
the equation: 
 

MMHgtotal pg = [(MMHgmeasured pg) / VA] •VD 
 
Where VD is the final dilution volume of the sample preparation in mL and VA is the 
volume analyzed of the sample preparation in mL. 

 
9.4. Concentration of methyl mercury in the sample: 
 
The final concentration of methyl mercury in the sample is calculated using the equation: 
 

MMHgconc = (MMHgtotal pg - MBtotal pg) / Vo 
 
Where MBtotal pg is the average total picograms of methyl mercury present in the method 
blanks and Vo is either the volume of the prepared sample measured in mL (aqueous 
samples) or the weight of the prepared sample measured in mg (solid samples).  
Therefore, the final concentration of methyl mercury in the sample is reported in units of 
ng/L for aqueous samples and in units of ng/g for solid samples. 
 
NOTE:  The total picograms of mercury present in each method blank is calculated using 
the same formula used to calculate the total picograms of methyl mercury in the sample 
preparation. 

 
9.5. Empirically derived correction factor 
 
BRL routinely recovery corrects results for distilled samples, as per EPA Draft Method 
1630, to account for the fact that the distillation procedure is not 100% efficient in 
recovering methyl mercury.  Results are multiplied by an empirically derived correction 
factor that is based on the average recovery of the appropriate quality control sample 
(Laboratory Fortified Blanks for aqueous distillates and the certified reference material 
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(CRM) BCR 580 (Marine Sediment) for sediment distillates).  If an appropriate QCS 
sample is not available, the correction factor is based on the average recovery of the 
spikes made to samples with a similar matrix to the sample of concern.   
 
The correction factor is calculated using the following equation: 
 

F = 100 / R 
 

Where F is the empirically derived correction factor and R is the running mean of the 
recoveries of the last 30 quality control samples or matrix spikes.  The empirically 
derived correction factor is updated quarterly or any time that there is a significant 
change in performance. 
 
BRL does not use the IPR and OPR samples to calculate the correction factor since, 
unlike the client samples and quality control samples, these samples are not distilled. 
 

10.0 QUALITY CONTROL 
 

10.1. Refer to EPA Method 1630, Section 9.0 for a detailed description of the quality 
control procedures employed at BRL for this method. 
 
10.2. All quality control data should be maintained and available for easy reference 
and/or inspection. 
 
10.3. Each analyst must perform an initial demonstration of capability (IDOC) for the 
analysis of methyl mercury prior to the analysis of any client samples.  The IDOC 
consists of an initial precision and recovery (IPR) study following the procedure in EPA 
Draft Method 1630, Section 9.2.2.  The acceptance criteria and run sequence for the 
IDOC can be found in Table 3 in Section 12 of this SOP.  
 
10.4. Calibration data must be composed of a minimum of 1 ethylation blank (BRL 
analyzes 4 ethylation blanks prior to analyzing the calibration standards) and a minimum 
of 5, preferably 6, standards. Such a calibration should be run daily, prior to analysis, or 
whenever stock standards have been remade, conditions have changed, or initial 
calibration check (ICV) or ongoing precision and recovery (OPR) do not yield acceptable 
recoveries. 
 
10.5. The OPR solution prepared by spiking the ethylation vessel with 25 pg methyl 
mercury using the calibration standard and followed by an ethylation blank must be 
analyzed following calibration, after the analysis of every 10 client samples, and at the 
end of the analysis of each analytical batch.  Additionally, BRL analyzes an independent 
calibration check (ICV) solution obtained from a source independent from that used to 
obtain the calibration standard and prepared by spiking the ethylation vessel with 500 pg 
methyl mercury prior to the analysis of each analytical batch.  The criterion for the 
recovery of the OPR solution is 67-133% and the recovery criterion for the recovery of 
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the ICV solution is 80-120%.  All ethylation blanks must contain no more than 2.0 pg 
methyl mercury. 
 
10.6. Matrix spike/matrix spike duplicate (MS/MSD) analysis should be performed once 
per every 10 client samples or once per batch, whichever is greater.  A matrix spike 
sample is defined as an aliquot of homogenized sample that has a known amount of 
analyte added to it.  The matrix spike sample is then processed through the entire 
preparation and analytical procedure.  Bias is then determined by calculating the percent 
recovery of the known amount using the following formula: 

   
  Percent Recovery = 100 ∗ (spiked sample result (conc.) - sample result (conc.)) / (amount spiked) 

 
The criterion for spike recovery is determined by control charts and is different for each 
matrix type.  The specific matrix spike recovery criteria for each matrix type and 
preparation procedure can be found in Tables 5 and 6 in Section 12 of this SOP. 
 
The relative percent difference between the MS and the MSD is calculated using the 
following formula: 
 

RPD = 200 • (│MS-MSD│) / (MS + MSD) 
 
The RPD for the MS/MSD pair must meet the criterion for each of the matrix types found 
in Tables 5 and 6 in Section 12 of this SOP. 
 
10.7. Method duplicates are prepared and analyzed upon client request.  For solid 
matrices method duplicates should be performed in conjunction with the MS/MSD 
samples and whenever the heterogeneity of a sample is deemed great enough that it may 
cause problems with the analysis of the sample.  The relative percent difference (RPD) 
between duplicate samples is calculated using the same formula as used to calculate the 
RPD between the MS and MSD samples.  The specific RPD criteria for each matrix type 
and preparation procedure can be found in Tables 5 and 6 in Section 12 of this SOP.  If 
the acceptance criterion for duplicate analysis is not met for either samples or matrix 
spike samples, then the system performance is unacceptable.  Associated samples must 
be qualified or the problem must be corrected and the samples reanalyzed. 
 
10.8. Field duplicates are analyzed at the client’s discretion.  The acceptance criterion for 
field duplicate analysis is the same as that used for method duplicate analysis.  The client 
must be notified immediately anytime that the acceptance criterion for field duplicates is 
not met. 

 
10.9. Four method blanks (MB) should be prepared and analyzed with each batch.  
Method blanks are prepared using reagent water.  HCl is not added to the method blanks 
since excess chloride is already provided by the KCl added to all samples prior to 
distillation.  All method blank results must meet the acceptance criteria set forth in 
Tables 5 and 6 of Section 12. 
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10.10. Laboratory fortified blanks (LFB) are prepared and analyzed with each batch at a 
frequency of once per every 10 client samples or once per batch, whichever is greater.  
LFBs are prepared by spiking a method blank sample with the calibration standard at a 
concentration of approximately 2.0 ng/L. The LFB is then distilling as per an aqueous 
sample.  The acceptance criterion for the recovery of the LFB (recovery corrected) is 
identical to the acceptance criterion for the recovery of OPR samples.   
 
10.11. Appropriate certified reference materials (CRM) for MMHg are prepared for all 
batches containing tissue or sediment samples.  It is BRL policy to prepare two CRMs 
with every solid batch.  The two CRM samples may be duplicate aliquots of a single 
CRM or two entirely different CRMs if different matrix types are analyzed together.  
Criteria for CRM recoveries are determined by control charts.  If control charts are not 
available then CRM results should be within 35% of the certified value (following 
recovery correction) for the analysis to be considered valid.  CRM accuracy results not 
meeting this criterion shall be reprepared and reanalyzed or qualified at the discretion of 
the Laboratory Director.  Currently, there are not any water based CRMs available. 
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12.  TABLES 
 
Table 1 Current Method Detection Limits and Minimum Levels Determined at BRL for the 

Analysis of Methyl Mercury Using EPA Method 1630 
 

Matrix 
 

Preparation Method 
Method Detection 

Limit (MDL)1 
Minimum Level 

(ML) 
Water Distillation 0.02 ng/L 0.045 ng/L 

Sediment/Sludge Distillation2 0.022 ng/g 0.06 ng/g 
Sediment/Sludge Extraction 0.01 ng/g 0.025 ng/g 

Biota Digestion 3.0 ng/g 9.0 ng/L 
   NOTES: 

1. MDL as determined by the procedure 40 CFR Part 136, Appendix B. 
 MDL and ML reported here for distillations are for recovery corrected results. 
2. Brooks Rand no longer routinely performs distillations on sediment/sludge samples.  

This preparation method is reserved for sediments that are particularly high in organics 
and would not yield acceptable recoveries if prepared by extraction.  The listed 
MDL/ML for this preparation method are not current, but are achievable based on past 
results. 

 
Table 2 Summary of Control Chart Data Ending February 2005 (Last 30 Data Points) for the 

Analysis of Methyl Mercury Using EPA Method 1630 
QA 

Sample 
 

Matrix 
Mean1 

Recovery (%) 
Warning Limit (%) 

Mean ± 2 StDev  
Control Limit (%) 

Mean ± 3 StDev 
     

ICV ALL 101.4 83.4-119.3 74.4-128.3 
OPR ALL 97.2 75.3-119.2 65.3-130.2 

     

Matrix Spikes Water 96.6 73.4-119.8 61.8-131.4 
Matrix Spikes2 Sed/Sludge 86.5 65.5-107.6 54.9-118.1 
Matrix Spikes3 Sed/Sludge 92.4 70.7-114.1 59.8-124.9 
Matrix Spike Biota 100.0 71.5-128.6 57.2-142.9 

     

LFB Water 100.6 80.6-120.5 70.6-130.5 
CRM2,4 Sed/Sludge 100.5 77.0-123.9 65.3-135.7 
CRM3,4 Sed/Sludge 98.7 76.7-120.6 65.7-131.6 
CRM5 Biota 99.9 76.1-123.7 64.3-135.5 

     

QA 
Sample 

 
Matrix 

Mean 
RPD 

Warning Limit (%) 
Mean ± 2 StDev  

Control Limit (%) 
Mean ± 3 StDev 

     

Duplicates6 Water 7.8 20.8 27.3 
Duplicates2,6 Sed/Sludge 8.9 22.7 29.6 
Duplicates3,6 Sed/Sludge 9.5 24.7 32.2 
Duplicates6 Biota 10.7 28.3 37.0 

     

NOTES: 
1. Recoveries for distillations (water and applicable sediment samples) have been recovery 

corrected using an empirically derived correction factor. 
2. Control limits for distilled sediment samples.  Last data point from 7/3/03. 
3. Control limits for sediments prepared by DCM extraction. 
4. BCR-580 (Marine Sediment) is the CRM used for sediments. 
5. DORM-2 (Dogfish Muscle) is the CRM used for most biota samples. 
6. Duplicates criteria is for both duplicates of the native sample and duplicates of the matrix 

spike. 
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Table 3  Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Initial Demonstration of Capability for the Analysis of Methyl Mercury 

 
Run Run Name Section Name Analyze Requirements 

     

1 
2 
3 
4 

Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 

Calibration 

Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 

Each ≤ 2 pg 

5 
6 
7 
8 
9 

10 

2 pg std 
10 pg std 
50 pg std 

250 pg std 
500 pg std 

1000 pg std1 

Calibration2 

2 pg std 
10 pg std 
50 pg std 

100 pg std 
250 pg std 
1000 pg std 

RSD of Avg. CF ≤ 15% 
Recovery of Low Standard 65-135% 

11 ICV Independent Calibration 
Verification 500 pg Recovery 80-120% 

12 OPR std (25pg) Ongoing Precision and 
Recovery 25 pg Recovery 67-133% 

13 Ethylation Blank Contamination Check Ethylation Blank ≤ 2 pg 
14 
15 
16 

Method Blank 
Method Blank 
Method Blank 

Contamination Check 
Method Blank 
Method Blank 
Method Blank 

Mean < 2 x Target MDL 
StDev < 2/3rd of Target MDL 

17 
18 
19 
20 

IPR std (25pg) 
IPR std (25pg) 
IPR std (25pg) 
IPR std (25pg) 

Initial Precision and 
Recovery 

25 pg 
25 pg 
25 pg 
25 pg 

Ave. recovery 69-131%, RSD ≤ 31% 

21 
22 
23 
24 
25 
26 
27 

MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 

Method Detection Limit3,4 

Appropriate 
matrix spiked at a 

level of 1 – 5 
times the 

expected MDL 

Calculated MDL no greater  
than 5 times the spike level  

and RSD > 10% 

28 OPR std (25pg) Ongoing Precision and 
Recovery 25 pg Recovery 67-133% 

29 Ethylation Blank Contamination Check Ethylation Blank ≤ 2 pg 
 

NOTES: 
1. 1000 pg standard typically analyzed only when analyzing solid sample preparations. 
2. All standards and samples are corrected for mean ethylation blank. 
3. All samples are corrected for mean method blank. 
4. Distilled samples are recovery corrected prior to calculating the MDL. 
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Table 4  Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Analysis of Methyl Mercury 

 
RUN Analyze Description Requirements 

1 
2 
3 
4 

Ethylation Blank (EB) 
Ethylation Blank (EB) 
Ethylation Blank (EB) 
Ethylation Blank (EB) 

Contamination Check ≤ 2.0 pg 

5 
6 
7 
8 
9 

10 

2 pg std 
10 pg std 
50 pg std 

250 pg std 
500 pg std 
1000 pg std 

Calibration 
Curve1 

RSD of Avg. CF ≤ 15% 
Recovery of Low Standard 65-135% 

11 ICV (independent calib. verific.) (500 pg) Precision and Recovery 80 – 120% recovery 

12 OPR std (25 pg) Ongoing Precision and Recovery 67 – 133% recovery 

13 Ethylation Blank Contamination Check ≤ 2.0 pg 
14 
15 
16 

Method Blank 1 (MB-1) 
Method Blank 2 (MB-2) 
Method Blank 3 (MB-3) 

Contamination Check Refer to specific water and solid 
criteria found in Tables 5 and 6. 

17 Known Blanks Trip, Field, or Equipment Blanks Result < ML or < 1/5th associated sample results 

18 LFB or CRM Precision and Recovery Rec = 67 – 133%3 for aqueous, 
Rec = 65 – 135% for sediment samples and biota samples 

19 
20 

Sample 012 
Sample 01MD 

Native Sample 
Duplicate Sample 

RPD ≤ 35% or ±PQL for aqueous samples and ±2xPQL for 
solids if results are ≤5xPQL 

21 
22 

Sample 01MS 
Sample 01MSD 

Matrix Spike 
Matrix Spike Duplicate 

Rec = 65 – 135%3 for aqueous; 
Rec = 65 – 135% for sediment and biota samples;  

RPD ≤ 35% 
23 

 
through 

 
31 

Sample 02 
 

through 
 

Sample 10 

Client Sample  

32 OPR std (25 pg) Ongoing Precision and Recovery 67 – 133% recovery 

33 Ethylation Blank Contamination Check ≤ 2.0 pg 
34 
35 

Sample 11 
Sample 11MD 

Native Sample 
Duplicate Sample 

RPD ≤ 35% or ±PQL for aqueous samples and ±2xPQL for 
solids if results are ≤5xPQL 

36 
37 

Sample 11MS 
Sample 11MSD 

Matrix Spike 
Matrix Spike Duplicate 

Rec = 65 – 135%3 for aqueous; 
Rec = 65 – 135% for sediment and biota samples;  

RPD ≤ 35% 
38 

 
through 

 
46 

Sample 12 
 

through 
 

Sample 20 

Client Sample  

47 OPR std (25 pg) Ongoing Precision and Recovery 67 – 133% recovery 

48 Ethylation Blank Contamination Check ≤ 2.0 pg 
NOTES: 
1. The calibration curve may be adjusted depending on the expected range of samples (i.e. seds and biota 10pg-5000pg) 
2. Any known field or equipment blanks should not be spiked and should be analyzed prior to other samples.  The acceptance criterion 

for these samples is a result < the ML. 
3. Recovery corrected. 
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Table 5 Quality Control Acceptance Criteria and Corrective Action Guidelines for the Analysis 
of Methyl Mercury in Aqueous Samples by Distillation. 

 
 

QC Sample 
 

Measure 
Minimum 
Frequency 

 
Criteria 

 
Corrective Action 

Ethylation Blank Contamination 
from bubblers 

4 per batch; 
following each 

OPR 
≤ 2 pg 

Clean and test bubblers until 
criteria met prior to any 

analysis 

Calibration 
Standards 

Acceptability of 
the Calibration 

Curve 

Daily, prior to 
analysis of 
samples or 

whenever the 
OPR fails 

RSD of response 
factors ≤ 15%; 

Recovery of Low 
Standard = 
65 – 135% 

Reanalyze suspect calibration 
standard.  If criteria still not 
met, then remake standards 

and recalibrate the instrument 

Independent Cal. 
Ver. (ICV) 

 
Ongoing precision 

and recovery (OPR) 

Accuracy 

Following Cal.; 
Beginning and 

end and 
1 per 10 sample 

preparations 

ICV 
Rec. = 80-120% 

 
OPR 

Rec. = 67-133% 

Correct problem (recalibrate, 
remake standard, etc.) and 

reanalyze ICV/OPR.  If 
criteria met, reanalyze samples 
backwards until 2 consecutive 

results with RPD ≤ 20% 

Carryover Check 
Ethylation Blank 

Contamination 
due to carryover 

in the bubbler/trap 

Following any 
unusually high 

result.  
Currently 

≥ 2x the high 
standard 

≤ 2 pg 

Clean and continue to test 
bubbler/trap combo until 

criteria met prior to further 
use.  Reanalyze samples that 

were analyzed in same 
bubbler/trap following high 

result 

Method Blank 
Contamination 

from reagents, lab 
ware, etc. 

3 per batch 

Avg ≤ 0.045 ng/L 
StDev ≤ 0.015 

ng/L or < 1/10th of 
associated samples 

Correct problem.  All samples 
associated with a 

contaminated method blank 
must be reanalyzed. 

Laboratory Fortified 
Blank 
(LFB) 

Accuracy 1 per batch Recovery = 
67 – 133%* 

Reanalyze remaining volume.  
Correct problem prior to 

continuing analysis 

Matrix Spike/Spike 
Duplicate 

Accuracy and 
Precision within a 

given matrix 

1 per 10 client 
samples 

Recovery = 
65 – 135%*; 
RPD ≤ 35% 

If recoveries similar but fail 
recovery criteria, an 

interference is present in the 
sample and the result must be 

qualified. 
If RPD criteria not met, then 
the system is not in control. 

Correct problem and reanalyze 
all associated samples. 

Method Duplicates Precision Per client 
request 

RPD ≤ 35% or      
± PQL if sample     

< 5x PQL 

Correct problem and reanalyze 
all associated samples. 

* Recovery Criteria for Matrix Spikes and LFB samples are based on recovery corrected results. 
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 Table 6 Quality Control Acceptance Criteria and Corrective Action Guidelines for the Analysis 
of Methyl Mercury in Solid Samples by Distillation, Extraction, and Digestion. 

 
 

QC Sample 
 

Measure 
Minimum 
Frequency 

 
Criteria 

 
Corrective Action 

Ethylation Blank Contamination 
from bubblers 

4 per batch; 
following each 

OPR 
≤ 2 pg 

Clean and test bubblers until 
criteria met prior to any 

analysis 

Calibration 
Standards 

Acceptability of 
the Calibration 

Curve 

Daily, prior to 
analysis of 
samples or 

whenever the 
OPR fails 

RSD of response 
factors ≤ 15%; 

Recovery of Low 
Standard = 
65 – 135% 

Reanalyze suspect calibration 
standard.  If criteria still not 
met, then remake standards 

and recalibrate the instrument 

Independent Cal. 
Ver. (ICV) 

 
Ongoing precision 

and recovery (OPR) 

Accuracy 

Following Cal.; 
Beginning and 

end and 
1 per 10 sample 

preparations 

ICV 
Rec. = 80-120% 

 
OPR 

Rec. = 67-133% 

Correct problem (recalibrate, 
remake standard, etc.) and 

reanalyze ICV/OPR.  If 
criteria met, reanalyze 

samples backwards until 2 
consecutive results with RPD 

≤ 20% 

Carryover Check 
Ethylation Blank 

Contamination due 
to carryover in the 

bubbler/trap 

Following any 
unusually high 

result.  
Currently 

≥ 2x the high 
standard 

≤ 2 pg 

Clean and continue to test 
bubbler/trap combo until 

criteria met prior to further 
use.  Reanalyze samples that 

were analyzed in same 
bubbler/trap following high 

result 

Method Blank 
Contamination 

from reagents, lab 
ware, etc. 

3 per batch 

Avg ≤ 2 x MDL 
StD ≤ 2/3rd MDL 

or < 1/10th of 
associated samples 

Correct problem.  All samples 
associated with a 

contaminated method blank 
must be reanalyzed. 

Certified Reference 
Material (CRM) Accuracy 1 per batch 

Soil 
Rec=65-135%* 

Biota 
Rec=65-135% 

Correct problem prior to 
continuing analysis 

Matrix Spike/Spike 
Duplicate 

Accuracy and 
Precision within a 

given matrix 

1 per 10 client 
samples 

Soil 
Rec=65-135%*; 

RPD ≤ 35% 
 

Biota 
Rec=65-135%; 

RPD ≤ 35% 

If recoveries similar but fail 
recovery criteria, an 

interference is present in the 
sample and the result must be 

qualified. 
If RPD criteria not met, then 
the system is not in control. 

Correct problem and 
reanalyze all associated 

samples. 

Method Duplicate Precision within a 
given matrix 

In association 
with MS/MSD 

RPD ≤ 35% or      
± 2x PQL if 

sample < 5x PQL 

If RPD criteria not met, then 
the system is not in control. 

Correct problem and 
reanalyze all associated 

samples. 
* Recovery Criteria for Distilled Matrix Spikes and CRM samples are based on recovery corrected results. 
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Figure 3 Example of Typical Chromatograms Generated by the Mercury Guru Software 
During the Analysis of Methyl Mercury Using EPA Method 1630 
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Table 5 Quality Control Acceptance Criteria and Corrective Action Guidelines for the Analysis 
of Methyl Mercury in Aqueous Samples by Distillation. 

 
 

QC Sample 
 

Measure 
Minimum 
Frequency 

 
Criteria 

 
Corrective Action 

Ethylation Blank Contamination 
from bubblers 

4 per batch; 
following each 

OPR 
≤ 2 pg 

Clean and test bubblers until 
criteria met prior to any 

analysis 

Calibration 
Standards 

Acceptability of 
the Calibration 

Curve 

Daily, prior to 
analysis of 
samples or 

whenever the 
OPR fails 

RSD of response 
factors ≤ 15%; 

Recovery of Low 
Standard = 
65 – 135% 

Reanalyze suspect calibration 
standard.  If criteria still not 
met, then remake standards 

and recalibrate the instrument 

Independent Cal. 
Ver. (ICV) 

 
Ongoing precision 

and recovery (OPR) 

Accuracy 

Following Cal.; 
Beginning and 

end and 
1 per 10 sample 

preparations 

ICV 
Rec. = 80-120% 

 
OPR 

Rec. = 67-133% 

Correct problem (recalibrate, 
remake standard, etc.) and 

reanalyze ICV/OPR.  If 
criteria met, reanalyze samples 
backwards until 2 consecutive 

results with RPD ≤ 20% 

Carryover Check 
Ethylation Blank 

Contamination 
due to carryover 

in the bubbler/trap 

Following any 
unusually high 

result.  
Currently 

≥ 2x the high 
standard 

≤ 2 pg 

Clean and continue to test 
bubbler/trap combo until 

criteria met prior to further 
use.  Reanalyze samples that 

were analyzed in same 
bubbler/trap following high 

result 

Method Blank 
Contamination 

from reagents, lab 
ware, etc. 

3 per batch 

Avg ≤ 0.045 ng/L 
StDev ≤ 0.015 

ng/L or < 1/10th of 
associated samples 

Correct problem.  All samples 
associated with a 

contaminated method blank 
must be reanalyzed. 

Laboratory Fortified 
Blank 
(LFB) 

Accuracy 1 per batch Recovery = 
67 – 133%* 

Reanalyze remaining volume.  
Correct problem prior to 

continuing analysis 

Matrix Spike/Spike 
Duplicate 

Accuracy and 
Precision within a 

given matrix 

1 per 10 client 
samples 

Recovery = 
65 – 135%*; 
RPD ≤ 35% 

If recoveries similar but fail 
recovery criteria, an 

interference is present in the 
sample and the result must be 

qualified. 
If RPD criteria not met, then 
the system is not in control. 

Correct problem and reanalyze 
all associated samples. 

Method Duplicates Precision Per client 
request 

RPD ≤ 35% or      
± PQL if sample     

< 5x PQL 

Correct problem and reanalyze 
all associated samples. 

* Recovery Criteria for Matrix Spikes and LFB samples are based on recovery corrected results. 
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 Table 6 Quality Control Acceptance Criteria and Corrective Action Guidelines for the Analysis 
of Methyl Mercury in Solid Samples by Distillation, Extraction, and Digestion. 

 
 

QC Sample 
 

Measure 
Minimum 
Frequency 

 
Criteria 

 
Corrective Action 

Ethylation Blank Contamination 
from bubblers 

4 per batch; 
following each 

OPR 
≤ 2 pg 

Clean and test bubblers until 
criteria met prior to any 

analysis 

Calibration 
Standards 

Acceptability of 
the Calibration 

Curve 

Daily, prior to 
analysis of 
samples or 

whenever the 
OPR fails 

RSD of response 
factors ≤ 15%; 

Recovery of Low 
Standard = 
65 – 135% 

Reanalyze suspect calibration 
standard.  If criteria still not 
met, then remake standards 

and recalibrate the instrument 

Independent Cal. 
Ver. (ICV) 

 
Ongoing precision 

and recovery (OPR) 

Accuracy 

Following Cal.; 
Beginning and 

end and 
1 per 10 sample 

preparations 

ICV 
Rec. = 80-120% 

 
OPR 

Rec. = 67-133% 

Correct problem (recalibrate, 
remake standard, etc.) and 

reanalyze ICV/OPR.  If 
criteria met, reanalyze 

samples backwards until 2 
consecutive results with RPD 

≤ 20% 

Carryover Check 
Ethylation Blank 

Contamination due 
to carryover in the 

bubbler/trap 

Following any 
unusually high 

result.  
Currently 

≥ 2x the high 
standard 

≤ 2 pg 

Clean and continue to test 
bubbler/trap combo until 

criteria met prior to further 
use.  Reanalyze samples that 

were analyzed in same 
bubbler/trap following high 

result 

Method Blank 
Contamination 

from reagents, lab 
ware, etc. 

3 per batch 

Avg ≤ 2 x MDL 
StD ≤ 2/3rd MDL 

or < 1/10th of 
associated samples 

Correct problem.  All samples 
associated with a 

contaminated method blank 
must be reanalyzed. 

Certified Reference 
Material (CRM) Accuracy 1 per batch 

Soil 
Rec=65-135%* 

Biota 
Rec=65-135% 

Correct problem prior to 
continuing analysis 

Matrix Spike/Spike 
Duplicate 

Accuracy and 
Precision within a 

given matrix 

1 per 10 client 
samples 

Soil 
Rec=65-135%*; 

RPD ≤ 35% 
 

Biota 
Rec=65-135%; 

RPD ≤ 35% 

If recoveries similar but fail 
recovery criteria, an 

interference is present in the 
sample and the result must be 

qualified. 
If RPD criteria not met, then 
the system is not in control. 

Correct problem and 
reanalyze all associated 

samples. 

Method Duplicate Precision within a 
given matrix 

In association 
with MS/MSD 

RPD ≤ 35% or      
± 2x PQL if 

sample < 5x PQL 

If RPD criteria not met, then 
the system is not in control. 

Correct problem and 
reanalyze all associated 

samples. 
* Recovery Criteria for Distilled Matrix Spikes and CRM samples are based on recovery corrected results. 
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September 27, 2007

Frank McFarland

Brooks Rand

3958 Sixth Ave. NW

Seattle, WA 98107

Enclosed is your final report for ERA's Soil Proficiency Testing (PT) study, SOIL-59.  Your final report 
includes an evaluation of all results submitted by your laboratory to ERA. 



Data Evaluation Protocols: All analytes in ERA's Soil Proficiency Testing (PT) study, SOIL-59, have been 
evaluated using the following tiered approach.  If the analyte is listed in the most current National 
Environmental Laboratory Accreditation Conference (NELAC) PT Field of Testing tables, the evaluation 
was completed by comparing the reported result to the acceptance limits generated using the criteria 
contained in the NELAC FoPT tables.  If the analyte is not included in the NELAC FoPT tables, the 
reported result has been evaluated using the procedures outlined in ERA's Standard Operating 
Procedure for the Generation of Performance Acceptance Limits (SOP 0260).



Corrective Action Help: As part of your accreditation(s), you may be required to identify the root cause of 
any "Not Acceptable" results, implement the necessary corrective actions, and then satisfy your PT 
requirements by participating in a Supplemental (QuiK™ Response) or future ERA PT study.  ERA's 
technical staff is available to help your laboratory resolve any technical issues that may be impairing your 
PT performance and possibly affecting your routine data quality.  Our laboratory and technical staff have 
well over three hundred years of collective experience in performing the full range of environmental 
analyses.  As part of our technical support, ERA offers QC samples that can be helpful in helping you 
work through your technical issues. 



Thank you for your participation in ERA's Soil Proficiency Testing study, SOIL-59.  If you have any 
questions, please contact Shawn Kassner, Proficiency Testing Manager, or Curtis Wood, Quality 
Assurance Director, at 1-800-372-0122.

Sincerely,

Shawn Kassner

Proficiency Testing Manager





attachments

smk

Curtis J. Wood

Quality Assurance Director



Oregon Irene Ronning Ph.D / 503-229-5505 All Analytes

Washington Connie Schreiber / 360-895-6149 All Analytes

Florida Steve Arms / 904-791-1502 All Analytes

Report Recipient Contact/Phone Number Reporting Type



SOIL-59 Definitions & Study Discussion
Study Dates: 07/23/07 - 09/06/07 Report Issued: 09/27/07

SOIL Study Definitions SOIL Study Discussion

The Performance Evaluation:

Acceptable

Not Acceptable

No Evaluation

Reported Value falls within the 
Acceptance Limits.

Reported Value falls outside the 
Acceptance Limits.

Reported Value cannot be evaluated.

ERA's SOIL-59 Proficiency Testing (PT) Soil study has been 
reviewed by ERA Senior Management and certified compliant 
with the criteria contained in the most current NELAC FoPT 
tables.



Per the requirements of the NELAC Proficiency Testing 
Program, a full review of all homogeneity, stability, and 
accuracy verification data was completed.  All analytical 
verification data for all analytes in the study standards met the 
acceptance criteria contained in the most current NELAC 
FoPT tables



The data submitted by participating laboratories was also 
examined for study anomalies.  There were no anomalies 
observed during the statistical review of the data.   



ERA's SOIL-59 Proficiency Testing Soil study study reports 
shall not be reproduced except in their entirety and not 
without the permission of the participating laboratories.  The 
report must not be used by the participating laboratories to 
claim product endorsement by any agency of the U. S. 
government.  



If you have any questions regarding ERA's SOIL Proficiency 
Testing program,  please contact Shawn Kassner, Proficiency 
Testing Manager, or Curtis Wood, Quality Assurance Director, 
at 1-800-372-0122.

The Method Description is the method the laboratory reported 
to ERA.

=

=

=

The Reported Value is the value that the laboratory reported 
to ERA.



The ERA assigned value for the Organic Proficiency Testing 
Standards is equal to 100% of the parameter present in the 
standard as determined by gravimetric and/or volumetric 
measurements made during standard preparation as 
applicable.  The ERA assigned value for the Inorganic 
Proficiency Testing Standards, with the exception of the TCLP 
Metals in Soil, is equal to the maximum amount of the 
parameter available in the standard by applicable EPA 
methodologies.  The ERA assigned value for the TCLP metals 
is equal to the mean of ERA's internal analytical analyses.  All 
NELAC parameters not added to a standard are given an 
assigned Value of "0", per the guidance issued by the NELAC 
Board of Directors, on December 14, 2000.  Non-NELAC 
parameters not added to a standard may be given an 
assigned value of less than a minimum verified concentration 
as determined in the background soil for applicable EPA 
methodologies.



The Acceptance Limits are established per the criteria 
contained in the most current USEPA/NELAC FoPT tables, or 
ERA's SOP for the Generation of Performance Acceptance 
Limits™ as applicable

Not Reported No Value reported.=
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All analytes are included in ERA's A2LA accreditation. Lab Code: 1539-01

1125 Potassium mg/kg 8250 4970 2940 - 6020 Not Acceptable EPA6020/BR-0060

1140 Selenium mg/kg 227 223 136 - 262 Acceptable EPA6020/BR-0060

1150 Silver mg/kg 77.4 67.5 41.8 - 83.0 Acceptable EPA6020/BR-0060

1105 Nickel mg/kg 116 125 80.9 - 142 Acceptable EPA6020/BR-0060

1090 Manganese mg/kg 849 587 442 - 698 Not Acceptable EPA6020/BR-0060

1095 Mercury mg/kg 8.16 4.00 - 11.6 Not Reported

1100 Molybdenum mg/kg 95.9 88.6 50.7 - 97.5 Acceptable EPA6020/BR-0060

1180 Titanium mg/kg 1470 447 47.8 - 782 Not Acceptable EPA6020/BR-0060

1185 Vanadium mg/kg 208 183 112 - 203 Not Acceptable EPA6020/BR-0060

1190 Zinc mg/kg 394 330 226 - 403 Acceptable EPA6020/BR-0060

1175 Tin mg/kg 166 152 78.1 - 186 Acceptable EPA6020/BR-0060

1155 Sodium mg/kg 1330 907 509 - 1230 Not Acceptable EPA6020/BR-0060

1160 Strontium mg/kg 141 108 72.4 - 133 Not Acceptable EPA6020/BR-0060

1165 Thallium mg/kg 359 335 207 - 387 Acceptable EPA6020/BR-0060

1020 Beryllium mg/kg 89.5 83.8 56.2 - 95.6 Acceptable EPA6020/BR-0060

1025 Boron mg/kg 156 115 54.8 - 138 Not Acceptable EPA6020/BR-0060

1030 Cadmium mg/kg 294 294 190 - 327 Acceptable EPA6020/BR-0060

1015 Barium mg/kg 328 267 189 - 324 Not Acceptable EPA6020/BR-0060

1000 Aluminum mg/kg 24700 12100 4540 - 15600 Not Acceptable EPA6020/BR-0060

1005 Antimony mg/kg 334 139 13.9 - 343 Acceptable EPA6020/BR-0060

1010 Arsenic mg/kg 129 153 86.0 - 168 Acceptable EPA6020/BR-0060

1070 Iron mg/kg 30100 18700 7270 - 27900 Not Acceptable EPA6020/BR-0060

1075 Lead mg/kg 159 148 99.4 - 173 Acceptable EPA6020/BR-0060

1085 Magnesium mg/kg 6390 4570 2940 - 5480 Not Acceptable EPA6020/BR-0060

1055 Copper mg/kg 147 129 91.0 - 152 Acceptable EPA6020/BR-0060

1035 Calcium mg/kg 13800 10400 7410 - 12200 Not Acceptable EPA6020/BR-0060

1040 Chromium mg/kg 161 153 97.0 - 180 Acceptable EPA6020/BR-0060

1050 Cobalt mg/kg 230 241 161 - 272 Acceptable EPA6020/BR-0060

Metals in Soil
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Metals in Soil

1125 Potassium mg/kg 4970 2940 - 6020 Not Reported

1140 Selenium mg/kg 172 223 136 - 262 Acceptable BR-0020 (HGAAS)

1150 Silver mg/kg 67.5 41.8 - 83.0 Not Reported

1105 Nickel mg/kg 125 80.9 - 142 Not Reported

1090 Manganese mg/kg 587 442 - 698 Not Reported

1095 Mercury mg/kg 7.77 8.16 4.00 - 11.6 Acceptable EPA 1631

1100 Molybdenum mg/kg 88.6 50.7 - 97.5 Not Reported

1180 Titanium mg/kg 447 47.8 - 782 Not Reported

1185 Vanadium mg/kg 183 112 - 203 Not Reported

1190 Zinc mg/kg 330 226 - 403 Not Reported

1175 Tin mg/kg 152 78.1 - 186 Not Reported

1155 Sodium mg/kg 907 509 - 1230 Not Reported

1160 Strontium mg/kg 108 72.4 - 133 Not Reported

1165 Thallium mg/kg 335 207 - 387 Not Reported

1020 Beryllium mg/kg 83.8 56.2 - 95.6 Not Reported

1025 Boron mg/kg 115 54.8 - 138 Not Reported

1030 Cadmium mg/kg 294 190 - 327 Not Reported

1015 Barium mg/kg 267 189 - 324 Not Reported

1000 Aluminum mg/kg 12100 4540 - 15600 Not Reported

1005 Antimony mg/kg 139 13.9 - 343 Not Reported

1010 Arsenic mg/kg 130 153 86.0 - 168 Acceptable BR-0020 (HGAAS)

1070 Iron mg/kg 18700 7270 - 27900 Not Reported

1075 Lead mg/kg 148 99.4 - 173 Not Reported

1085 Magnesium mg/kg 4570 2940 - 5480 Not Reported

1055 Copper mg/kg 129 91.0 - 152 Not Reported

1035 Calcium mg/kg 10400 7410 - 12200 Not Reported

1040 Chromium mg/kg 153 97.0 - 180 Not Reported

1050 Cobalt mg/kg 241 161 - 272 Not Reported
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Frank McFarland
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3958 Sixth Ave. NW

Seattle, WA 98107

WatR™Pollution Study

Open Date: 07/16/07

Close Date: 08/30/07

Report Issued Date: 09/19/07

WP-150 Final Report



September 19, 2007

Frank McFarland

Brooks Rand

3958 Sixth Ave. NW

Seattle, WA 98107

Enclosed is your final report for ERA's WP-150 WatR™Pollution Proficiency Testing (PT) study.  Your 
final report includes an evaluation of all results submitted by your laboratory to ERA. 

 

Data Evaluation Protocols: All analytes in ERA's WP-150 WatR™Pollution Proficiency Testing study 
have been evaluated using the following tiered approach.  If the analyte is listed in the most current 
National Environmental Laboratory Accreditation Conference (NELAC) PT Field of Testing tables, the 
evaluation was completed by comparing the reported result to the acceptance limits generated using the 
criteria contained in the NELAC FoPT tables.  If the analyte is not included in the NELAC FoPT tables, 
the reported result has been evaluated using the procedures outlined in ERA's Standard Operating 
Procedure for the Generation of Performance Acceptance Limits (SOP 0260).



Corrective Action Help: As part of your accreditation(s), you may be required to identify the root cause of 
any "Not Acceptable" results, implement the necessary corrective actions, and then satisfy your PT 
requirements by participating in a Supplemental (QuiK™ Response) or future ERA PT study.  ERA's 
technical staff is available to help your laboratory resolve any technical issues that may be impairing your 
PT performance and possibly affecting your routine data quality.  Our laboratory and technical staff have 
well over three hundred years of collective experience in performing the full range of environmental 
analyses.  As part of our technical support, ERA offers QC samples that can be helpful in helping you 
work through your technical issues. 



Thank you for your participation in ERA's WP-150 WatR™Pollution Proficiency Testing study.  If you 
have any questions, please contact myself, or Curtis Wood, Quality Assurance Director, at

1-800-372-0122.

Sincerely,

Shawn Kassner

Proficiency Testing Manager





attachments

smk

Curtis J. Wood

Quality Assurance Director



New York Dan Dickinson / 518-485-5570 All Analytes

Oregon Irene Ronning Ph.D / 503-229-5505 All Analytes

Washington Connie Schreiber / 360-895-6149 All Analytes

Maine Matthew Sica / 207-287-1929 All Analytes

California Fred Choske / 510-620-3175 All Analytes

Florida Steve Arms / 904-791-1599 All Analytes

Report Recipient Contact/Phone Number Reporting Type



WP-150 Definitions & Study Discussion
Study Dates: 07/16/07 - 08/30/07 Report Issued: 09/19/07

WP Study Definitions WP Study Discussion

The Performance Evaluation:

Acceptable

Not Acceptable

No Evaluation

Reported Value falls within the 
Acceptance Limits.

Reported Value falls outside the 
Acceptance Limits.

Reported Value cannot be evaluated.

ERA's WP-150 WatR™Pollution Proficiency Testing study has 
been reviewed by ERA Senior Management and certified 
compliant with the requirements of the USEPA's National 
Standards for Water Proficiency Testing Studies Criteria 
Document (December 1998), and the criteria contained in the 
most current NELAC FoPT tables.  



ERA's WP-150 WatR™Pollution study standards were 
examined for any anomalies.  A full review of all homogeneity, 
stability and accuracy verification data was completed.  All 
analytical verification data for all analytes met the acceptance 
criteria contained in the USEPA's National Criteria Document 
for Water Proficiency Testing Studies, December 1998, and 
the criteria contained in the most current NELAC FoPT tables. 



The data submitted by participating laboratories was also 
examined for study anomalies.  There were no anomalies 
observed during the statistical review of the data. 



ERA's WP-150 WatR™Pollution study reports shall not be 
reproduced except in their entirety and not without the 
permission of the participating laboratories.  The report must 
not be used by the participating laboratories to claim product 
endorsement by any agency of the U. S. government.  



If you have any questions regarding ERA's WatR™Pollution 
Proficiency Testing program, please contact Shawn Kassner, 
Proficiency Testing Manager, or Curtis Wood, Quality 
Assurance Director, at 1-800-372-0122.

The Method Description is the method the laboratory reported 
to ERA.

=

=

=

The Reported Value is the value that the laboratory reported 
to ERA.



The ERA Assigned Values are compliant with the most 
current USEPA/NELAC FoPT tables.  A parameter not added 
to the standard is given an Assigned Value of "0" per the 
guidelines contained in the USEPA's Criteria Document and 
NELAC standards.



The Acceptance Limits are established per the criteria 
contained in the most current USEPA/NELAC FoPT tables, or 
ERA's SOP for the Generation of Performance Acceptance 
Limits™ as applicable.

Not Reported No Value reported.=
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Trace Metals

0011 Nickel µg/L 345 318 282 - 358 Acceptable EPA 1638

0013 Selenium µg/L 835 781 620 - 904 Acceptable EPA 1638

0074 Molybdenum µg/L 259 248 207 - 286 Acceptable EPA 1638

0012 Lead µg/L 769 751 657 - 842 Acceptable EPA 1638

0010 Manganese µg/L 2600 2420 2180 - 2690 Acceptable EPA 1638

0014 Vanadium µg/L 458 450 394 - 504 Acceptable EPA 1638

0015 Zinc µg/L 846 879 755 - 1010 Acceptable EPA 1638

0018 Thallium µg/L 615 588 477 - 703 Acceptable EPA 1638

0017 Silver µg/L 633 588 505 - 673 Acceptable EPA 1638

0075 Strontium µg/L 57.5 60.0 49.4 - 70.4 Acceptable EPA 1638

0008 Iron µg/L 481 489 430 - 556 Acceptable EPA 1638

1015 Barium µg/L 492 493 428 - 556 Acceptable EPA 1638

0003 Beryllium µg/L 335 350 297 - 395 Acceptable EPA 1638

0002 Arsenic µg/L 682 677 569 - 792 Acceptable EPA 1638

0001 Aluminum µg/L 716 711 563 - 856 Acceptable EPA 1638

0016 Antimony µg/L 608 631 444 - 759 Acceptable EPA 1638

0005 Cobalt µg/L 142 137 119 - 154 Acceptable EPA 1638

0007 Copper µg/L 117 109 95.8 - 123 Acceptable EPA 1638

0006 Chromium µg/L 514 500 435 - 566 Acceptable EPA 1638

1025 Boron µg/L 1280 1360 1110 - 1580 Acceptable EPA 1638

0004 Cadmium µg/L 678 707 604 - 802 Acceptable EPA 1638

Hardness

1550 Calcium Hardness as CaCO3 mg/L 113 101 - 128 Not Reported

0022 Total Hardness as CaCO3 mg/L 257 262 228 - 299 Acceptable EPA 1638

0024 Magnesium mg/L 35.5 36.2 31.0 - 41.6 Acceptable EPA 1638

0072 Non-Filterable Residue (TSS) mg/L 81.3 83.8 68.6 - 93.2 Acceptable EPA 160.2

0023 Calcium mg/L 44.4 45.1 40.2 - 51.2 Acceptable EPA 1638
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1095 Low Level Mercury ng/L 93.5 80.6 62.1 - 99.1 Acceptable EPA 1631

Low-Level Mercury

Tin & Titanium

0076 Titanium µg/L 104 118 101 - 134 Acceptable EPA 1638

1175 Tin µg/L 933 1330 1050 - 1610 Not Acceptable EPA 1638

Trace Metals

0011 Nickel µg/L 318 282 - 358 Not Reported

0013 Selenium µg/L 781 620 - 904 Not Reported

0074 Molybdenum µg/L 248 207 - 286 Not Reported

0012 Lead µg/L 751 657 - 842 Not Reported

0010 Manganese µg/L 2420 2180 - 2690 Not Reported

0014 Vanadium µg/L 450 394 - 504 Not Reported

0015 Zinc µg/L 879 755 - 1010 Not Reported

0018 Thallium µg/L 588 477 - 703 Not Reported

0017 Silver µg/L 588 505 - 673 Not Reported

0075 Strontium µg/L 60.0 49.4 - 70.4 Not Reported

0008 Iron µg/L 489 430 - 556 Not Reported

1015 Barium µg/L 493 428 - 556 Not Reported

0003 Beryllium µg/L 350 297 - 395 Not Reported

0002 Arsenic µg/L 674 677 569 - 792 Acceptable BR-0020 (HGAAS)

0001 Aluminum µg/L 711 563 - 856 Not Reported

0016 Antimony µg/L 631 444 - 759 Not Reported

0005 Cobalt µg/L 137 119 - 154 Not Reported

0007 Copper µg/L 109 95.8 - 123 Not Reported

0006 Chromium µg/L 500 435 - 566 Not Reported

1025 Boron µg/L 1360 1110 - 1580 Not Reported

0004 Cadmium µg/L 707 604 - 802 Not Reported
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Introduction 

One of the primary data quality objectives of the California Bay-Delta Authority (CBDA) 

Mercury Studies Program is the generation of defensible data that is comparable with other 

data generated over the lifetime of the project. In order to monitor and support this 

objective, a series of intercomparison studies will be conducted for total mercury and 

methylmercury in all matrices collected under the broad scope of the program. 

Laboratories contracted to analyze project samples are required to participate in the studies 

applicable to the scope of their contracts. The results of the intercomparison studies, in 

conjunction with other components of the CBDA Mercury Studies Quality Assurance 

(QA) Program, will be used to gauge the comparability of data collected throughout the 

duration of the program by the CBDA Mercury Studies QA Oversight Group. The results 

may also be used as a tool to evaluate the performance of the individual contract 

laboratories. 

Study Design 

A Referee Laboratory (Brooks Rand, LLC) proficient in the collection and analysis of 

samples for total mercury and methylmercury was selected to prepare and distribute the 

test materials to the participating labs. Specific study details, such as the target sample 

concentration, collection, analysis, distribution, and documentation were formulated by the 

QA Oversight Group and communicated to the Referee Laboratory in a meeting prior to 

the collection of the study samples.  

The samples distributed to the participating labs were a water sample, specially prepared 

for this study by the Referee Laboratory, and a homogenized sediment sample, purchased 

from a third party laboratory (Studio Geochimica LLC). Reference values for the samples 

prepared by the Referee Laboratory were established through the analysis of seven 

replicates. Studio Geochimica supplied reference values for methylmercury in the sediment 

sample, in addition to a reference value for total mercury.  

The Referee Laboratory performed analyses on individual test samples (identical to those 

distributed to the contract laboratories) during the active period of the study. Required 

documentation, including raw data and sample tracking information, were recorded in a 

dedicated notebook. The notebook is being kept at the Referee Laboratory until the end of 

the program, when it will be transferred to the QA Oversight Group. 

As directed by the QA Oversight Group, the following test materials were distributed by 

the Referee Laboratory to participating laboratories. 
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Filtered Freshwater Spike: Total Mercury in Freshwater Reference Sample 

A freshwater sample was collected from Lake Washington, Seattle, WA, (47º37’35”N, 

122º19’59”W) and filtered prior to initial analysis. The background concentration of the 

freshwater composite (n = 2) was found to be less than the method detection limit (0.20 

ng/L) for total mercury in water. A target concentration of approximately 2.5 ng/L was 

specified in the study design. This concentration was selected in order to assess laboratory 

comparability at a lower level. In order to reach the target concentration, the filtered 

composite sample (approximately 20 L) was spiked with 50 ng Hg (II), resulting in a final 

concentration of 2.75 ± 0.07 ng/L total mercury (n = 7).  

CR-1:Methylmercury in Carson River (NV) Sediment 

Due to the small number of sediment reference materials certified for methylmercury, a 

homogenized Carson River sediment was purchased from Studio Geochimica, LLC. This 

sample had been prepared by the laboratory for use in an intercomparison study for 

selective extraction of mercury compounds conducted by Nicolas Bloom. A bulk sample of 

sediment collected from the Carson River (NV) was dried at 40 °C, ground and sieved to < 

200 µM, and homogenized. Following homogenization, the sample was analyzed for total 

mercury, methylmercury, and a number of trace metals. Multiple replicate analyses for 

total mercury (5.531 ± 0.350 µg/g, n = 29) and methylmercury (3.99 ± 0.29 ng/g, n = 23) 

were conducted prior to the intercomparison study. The replicate analyses confirmed that 

the material was homogeneous and suitable for the intercomparison study.  

However, upon further investigation, Studio Geochimica found that the methylmercury 

concentration varied (14.06 ± 1.0 ng/g, n=3) on a few replicates. The acid 

bromide/methylene chloride extraction preparation procedure and stannous chloride 

reduction and cold vapor atomic fluorescence spectrometry (CVAFS) analysis was used 

for all 26 replicates. The concentration was observed at two distinct values rather than a 

continuum as would be expected from a naturally heterogeneous mixture. Dramatic 

outliers, such as these, were not found for total mercury. These results were confounding 

and possibly suggest that bits of aquatic material that contain only high methylmercury 

were non-uniformly distributed throughout the sediment. The heterogeneity of CR-1 

rendered it unsuitable for an intercomparison exercise. Unfortunately, this issue was not 

discovered until after the study was completed. 

Preparation and Distribution of Test Samples 

Under the direct supervision of the QA Oversight Group, the Referee Laboratory collected 

a filtered freshwater sample on April 3, 2006. Collection of the samples was conducted 
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using the clean-sampling guidelines detailed in Draft EPA Method 1669: Sampling 

Ambient Water for Trace Metals at EPA Water Quality Criteria Levels. 

The water sample was field-filtered through an acid-cleaned, 0.45µ cartridge filter into a 

20-L carboy. All sampling equipment was acid-cleaned and verified to be free of 

contamination prior to use. The samples were transported back to the laboratory and 

preserved with 0.4% (v/v) 12N HCl immediately following collection and stored in a 

sample storage area dedicated for the CBDA Mercury Studies Intercomparison samples. 

The storage area was located inside a secured laboratory area known to be low in 

atmospheric mercury. 

While historical data shows that the water from Lake Washington is low in total mercury, 

the background concentration of the total mercury sample was determined prior to spiking 

the samples. The water was collected off the end of a public dock, and therefore analysis of 

total mercury in the 20-L carboy was conducted to confirm that the collected water was 

free of contamination from such things as boats moored nearby. The total mercury 

concentration was found to be less than the method detection limit (MDL) of 0.20 ng/L, 

confirming that the collected sample was free of contamination.  

In order to reach the specified target concentration for total mercury, the 20-L carboy was 

spiked with 50 ng of Hg(II) (50 µl of a 1000 ng/ml Hg(II) standard). After the carboy was 

spiked, the entire sample was thoroughly homogenized by vigorous shaking and allowed to 

equilibrate for 48 hours. In order to reduce the potential for contamination, the sample was 

stored in a clean hood at room temperature during this time. 

Following the 48-hour equilibration period, the master water sample was again 

homogenized by shaking. In order to ensure each laboratory received identical water 

samples, special attention was paid to guarantee that each individual sub-sample provided 

to the laboratories was representative of the original sample. The master sample carboy 

was capped and vigorously shaken prior to transferring samples to the Teflon® bottles. All 

samples were prepared in a laminar flow hood to minimize the risk of contamination 

during sub-sampling. All Teflon® bottles used in the study were acid-cleaned and verified 

to be free of contamination prior to use (see Appendix A: Table 6: Bottle Mercury Level 

Screening Tests for details). 

Sub-aliquots of the sediment reference material were transferred to pre-cleaned 20-mL 

borosilicate vials that had been verified by lot to be free of contamination prior to use (see 

Appendix A: Table 7: Vial Mercury Level Screening Tests for details). In order to ensure 

that each laboratory received a representative sample, the parent sample was homogenized 

(by manual stirring) before taking each sub-sample. From the time of receipt until 
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shipment to the participating laboratories, the reference materials were stored in a sample 

desiccator dedicated to samples for the CBDA Mercury Studies Intercomparison. To 

minimize the risk of contamination, transfer of the reference material to the individual vials 

was performed in a laminar flow hood.  

Each laboratory participating in the study received the following samples: 

• 1 L of freshwater spiked with Hg(II) for total mercury analysis. This sample was 

preserved with 0.4% HCl prior to shipping. 

• 10 g of dried sediment reference material (CR-1) for methylmercury analysis. 

Laboratory information, bottle identification numbers, container contents, ship date, and 

UPS tracking codes corresponding to each package were collected and recorded in an 

electronic logbook. All samples were shipped according to protocols designed to ensure 

sample integrity and prevent contamination.  

Water and sediment samples were shipped by the Referee Laboratory to the participating 

contract laboratories on April 17, 2006. The following items were included in each sample 

package: 

• A cover letter containing the details regarding how to handle the study samples 

• A chain of custody form 

• A CD containing an electronic version of the data reporting sheet (Microsoft 

Excel file format) 

The samples were shipped via UPS by overnight delivery. The UPS tracking number for 

each shipment was recorded and used to confirm arrival of the samples to the participating 

laboratory. Immediately following their shipment, each participating contract laboratory 

was notified via email to expect arrival of the samples.  

Discussion of Laboratory Analytical Methods 

Laboratories were instructed to prepare and analyze study samples using the same methods 

they apply to CBDA Mercury Studies samples, using the quality control requirements 

detailed in the information included in the sample package. 

Total Mercury in Freshwater 

The majority of the laboratories used similar methods for the digestion and analysis of total 

mercury in the freshwater sample. These labs digested the sample using BrCl oxidation, 

followed by analysis using SnCl2 reduction, purge and trap onto gold sand, and cold-vapor 

atomic fluorescence techniques similar to EPA Method 1631, Revision E: Mercury in 

Water by Oxidation, Purge and Trap, and Cold Vapor Atomic Fluorescence Spectrometry 
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(CVAFS). Laboratory E used UV oxidation as a digestion procedure, followed by NaBH4 

reduction, purge and trap onto gold sand, and CVAFS techniques. Laboratory F utilized an 

automated mercury analyzer. The analyzer uses SnCl2 reduction, followed by cold-vapor 

atomic fluorescence spectrometry.  

Methylmercury in Sediment 

The majority of the laboratories used an acid bromide/methylene chloride extraction 

procedure to prepare the sediment samples for analysis; however, Laboratory C and F used 

a distillation as the preparation method. To analyze the prepared samples, all laboratories 

utilized aqueous phase ethylation, followed by purge and trap, isothermal gas 

chromatography (GC) separation, and CVAFS detection similar to Draft EPA Method 

1630.  

Summary Results and Analysis  

A complete report of the results obtained from the participating laboratories is located in 

Appendix A. Each laboratory has been assigned a unique letter in order to maintain 

confidentiality of results. The Referee Laboratory has been designated as Laboratory B.  

In order to evaluate each laboratory’s performance, methodologies similar to those 

employed in previous CBDA Mercury Studies Intercomparisons were applied to the 

results. For each matrix/analyte combination, a z-score was calculated for each laboratory 

using the following equation. 

z − score =
µlab − xref

σref

 

 

 Where: 

 µlab = the mean of the three values reported by the participating laboratory 

 xref  = the reference value established for the intercomparison study 

 σref  = the target standard deviation for the study 

 

To establish a target standard deviation of 10%, the value of σref  is defined to be, 

 

  σref = 0.05xref  

 

For sediment and tissue samples, the value for xref was determined by vendor-assigned 

reference values.  Study reference values for intercomparison samples prepared by the 

Referee Laboratory were established by analysis of seven sample replicates. 
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With respect to the calculated z-scores, the laboratory results are evaluated and graded as 

follows. 

• |z-score| ≤ 2 indicates laboratory results within 10% of the study reference value. 

These results receive a rating of “very good”. 

• 2 < |z-score| ≤ 5 indicates laboratory results greater than 10% of the study reference 

value but less than 25% of reference value. These results receive a rating of “good”. 

• |z-score| > 5 indicates laboratory results greater than 25% of the study reference 

value. These results receive a rating of “poor”. 

The performance criterion of 10% of the reference value was chosen to indicate 

exceptional comparability of the study results. The performance criterion of 25% of the 

reference value was chosen due to its common usage as a quality control measure for 

replicate analyses of a single sample. The measurement quality objective (MQO) 

established in the CBDA Mercury Studies Quality Assurance Project Plan (QAPP) for the 

relative percent difference (RPD) between replicate sediment analyses is 35% (as opposed 

to 25%).  This MQO was broadened to account for homogeneity issues that often arise 

with sediment analyses.  

 
 
 
 
 
 
 
 
 

THIS AREA IS LEFT INTENTIONALLY BLANK 

 
 
 
 
 
 
 



 

CBDA Mercury Studies Project 7 

Laboratory Intercomparison Exercise 3   

Total Mercury in Freshwater    
Methylmercury in Sediment 

 

Total Mercury in Freshwater 

Table 1: Total Mercury in Freshwater Intercomparison - Results Summary 

Note: The Referee Laboratory is designated as Laboratory B  

Comparability of the total mercury in water results was very good for the majority of the 

labs participating in the study.  However, Laboratory C and F (both rated “good”) reported 

results outside of the 10% performance criterion.  

The results submitted by Laboratory C were within 25% of the reference value (18.1% 

RPD), and were reproducible (3.8% RSD) among the replicates. The supporting quality 

control (QC) information provided by Laboratory C was in control, and did not indicate 

analytical issues. The freshwater result was high compared to the reference value; 

however, recoveries for the matrix spike and matrix spike duplicate (105% and 84.1%, 

respectively) do not indicate a consistent high bias, which would suggest an issue with the 

calibration slope. The matrix spike recoveries do not verify the integrity of the working 

Laboratory Intercomparison Study Summary 
Total Mercury in Freshwater QC 

Parameter Laboratory  
A 

Laboratory  
B 

Laboratory  
C 

Laboratory  
D 

Laboratory  
E 

Laboratory  
F 

Mean 
Freshwater 
Reference 

Material 

 2.68 ng/L 
5.1% RSD 

n = 3 

2.68 ng/L 
0.6% RSD 

n = 3 

3.30 ng/L 
3.8% RSD 

n = 3 

2.50 ng/L 
7.3% RSD 

n = 3 

2.61 ng/L 
1.0% RSD 

n = 3 

2.47 ng/L 
1.0% RSD 

N = 3 

Reference 
Value 

2.75 ± 0.07 ng/L (lab fortified freshwater) 

Mean 
Method 

Blank 

< 0.12 ng/L 
n = 3 

0.16 ng/L 
n = 3 

0.11 ng/L 
n = 3 

<0.20 ng/L 
n = 3 

0.01 ng/L 
n = 3 

0.15 ng/L 
N = 5 

Estimated 

MDL 
0.12 ng/L 0.24 ng/L 0.08 ng/L 0.20 ng/L 0.02 ng/L 0.11 ng/L 

 

z-score -0.533 -0.533 3.976 -1.784 -1.018 -2.012 

Rating Very Good Very Good Good Very Good Very Good Good 

 

Preparation 
Method 

BrCl 
Oxidation 

BrCl 
Oxidation 

BrCl 
Oxidation 

BrCl 
Oxidation 

UV 
Oxidation 

BrCl 
Oxidation 

Analytical 
Method 

SnCl2 
Reduction 

CVAFS 

SnCl2 
Reduction 

CVAFS 

SnCl2 
Reduction 

CVAFS 

SnCl2 
Reduction 

CVAFS 

NaBH4 
Reduction 

CVAFS 

SnCl2 
Reduction 

CVAFS 
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standard, since the matrix spikes may have been spiked using the same working standard 

used to calibrate the instrument. A second source standard or certified reference material 

(e.g. NIST-1641d) was not analyzed; therefore, the accuracy of the calibration slope cannot 

be verified. It is considered a good laboratory practice to include a second source standard 

for each calibration, and we recommend that Laboratory C adopt this procedure. This will 

allow us to further investigate analytical issues in the future, particularly those related to 

accuracy. 

The results submitted by Laboratory F were within 25% of the reference value (10.6% 

RPD), and were reproducible (1.0% RSD) among the replicates. The supporting quality 

control (QC) information provided by Laboratory F was in control. The freshwater result 

was low compared to the reference value; however, recoveries for the matrix spike and 

matrix spike duplicate (111% and 115%, respectively) do not indicate a consistent low 

bias, which would suggest an issue with the calibration slope. As previously stated, the 

matrix spike recoveries do not verify the integrity of the working standard, because the 

matrix spikes may have been spiked using the same working standard used to calibrate the 

instrument. A second source standard or certified reference material (e.g. NIST-1641d) 

was not analyzed; therefore, the accuracy of the calibration slope cannot be verified. We 

recommend that Laboratory F also adopt this procedure, which will allow us to better 

investigate analytical issues in the future, particularly those related to accuracy. Without 

additional information, it is difficult to determine the source of the problem.  
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Methylmercury in Sediment 

Table 2: Methylmercury in Sediment Intercomparison - Results Summary 

Notes: Referee Laboratory is designated as Laboratory B.  Due to sediment heterogeneity, no reference value 

or z-scores were provided. The mean method blank for Laboratory A was calculated as the mean of the two 

values reported and the MDL value provided. 

As previously mentioned in the description of CR-1, the methylmercury concentration of 

the sediment was found to vary. The reference value was measured at two discrete values, 

with the majority of the analyses at the lower value (3.99 ± 0.29 ng/g, n = 23 and 14.06 ± 

1.0 ng/g, n=3). Unfortunately due to this confounding heterogeneity issue, CR-1 was 

unsuitable for the intercomparison exercise, and we did not compare the results with z-

scores. We apologize for any inconveniences this may have caused.  

It is interesting to note that nearly all laboratories had very good precision (< 10% RSD) 

among their own replicates, although different values were reported among the 

laboratories. However, Laboratory F did not have good precision between their two 

replicates (33.8% RPD), and experienced a very low distillation recovery for the last 

replicate (value not submitted). Laboratories B, C, and D, reported results closer to the low 

reference value of 3.99 ng/g, whereas Laboratory A reported results near the high value of 

14.06 ng/g. Laboratory E and F reported mean values that were closer to the weighted 

Laboratory Intercomparison Study Summary 
Methylmercury in Sediment QC 

Parameter Laboratory  
A 

Laboratory  
B 

Laboratory  
C 

Laboratory  
D 

Laboratory  
E 

Laboratory  
F 

Mean 
Sediment 
Reference 

Material 

 15.4 ng/g 
4.9% RSD 

n = 3 

3.72 ng/g 
9.4% RSD 

n = 3 

3.24 ng/g 
3.9% RSD 

n = 3 

4.17 ng/g 
3.2% RSD 

n = 3 

7.43 ng/g 
3.0% RSD 

n = 3 

5.96 ng/g 
33.8% RPD 

N = 2 

Mean 
Method 

Blank 

 
0.030 ng/g 

n = 3 

 

0.001 ng/g 
n = 3 

0.01 ng/g 
n = 3 

<0.009 ng/g 
n = 3 

0.05 ng/g 
n = 3 

<0.02 ng/g 
N = 3 

Estimated 
MDL 

0.0164 ng/g 0.002 ng/g 0.01 ng/g 0.009 ng/g 0.06 ng/g 0.02 ng/g 

 

Preparation 
Method 

MeCl2 
Extraction 

MeCl2 
Extraction 

Distillation 
MeCl2 

Extraction 
MeCl2 

Extraction 
Distillation 

Analytical 
Method 

Aqueous 
Phase 

Ethylation 
CVAFS 

Aqueous 
Phase 

Ethylation 
CVAFS 

Aqueous 
Phase 

Ethylation 
CVAFS 

Aqueous 
Phase 

Ethylation 
CVAFS 

Aqueous 
Phase 

Ethylation 
CVAFS 

Aqueous 
Phase 

Ethylation 
CVAFS 
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mean (5.16 ng/g) of the two reference values.  The distillation method used by Laboratory 

C and F did not appear to produce an artifact and thus preparation method was likely not 

an issue in this study. 

Conclusions 

Overall, the results of this exercise showed that there was a high degree of comparability 

between the freshwater data generated by the various laboratories participating in the 

CBDA Mercury Studies Project. Despite the fact that data generated by Laboratory C and 

F were rated as “good” and were within the limits outlined in the CALFED QAPP, we 

recommend that these laboratories analyze a certified reference material (e.g. NIST-1641d) 

or another second source standard with each analysis. This will allow the laboratories to 

understand the accuracy of each run, which may improve overall data quality. 

Furthermore, reporting the certified reference material or second source standard results 

will also help the QA Oversight Group better understand and solve issues that may arise.  

Although care was taken to select the intercomparison sediment (CR-1), the reference 

value was found to vary after the study was completed. As a result, CR-1 was deemed 

unsuitable for the intercomparison exercise and laboratory results were not compared with 

calculated z-scores. We sincerely apologize for any inconveniences this may have caused.  
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Appendix A: Data Tables 
 

 Table 3: Total Mercury in Freshwater Intercomparison-Laboratory Results 

 Table 4: Methylmercury in Sediment Intercomparison-Laboratory Results 

 Table 5: Determination of Reference Value-Total Mercury in Freshwater 

Table 6: Bottle Mercury Level Screening Tests 

 Table 7: Vial Mercury Level Screening Tests 
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Table 3: Total Mercury in Freshwater Intercomparison-Laboratory Results 

Laboratory Results - Total Mercury in Freshwater QC 
Parameter 

Laboratory 
A 

Laboratory 
B 

Laboratory 
C 

Laboratory 
D 

Laboratory 
E 

Laboratory 
F 

Freshwater 

Reference 

Material  

2.77 ng/L 2.68 ng/L 3.24 ng/L 2.63 ng/L 2.63 ng/L 2.45 ng/L 

Freshwater 

Reference 

Material 

MD 

2.74 ng/L 2.66 ng/L 3.44 ng/L 2.59 ng/L 2.62 ng/L 2.50 ng/L 

Freshwater 

Reference 

Material 

MT 

2.52 ng/L 2.69 ng/L 3.21 ng/L 2.30 ng/L 2.58 ng/L 2.47 ng/L 

Mean 
Freshwater 
Reference 

Material 

2.68 ng/L 2.68 ng/L 3.30 ng/L 2.50 ng/L 2.61 ng/L 2.47 ng/L 

RSD 5.1% 0.6% 3.8% 7.3% 1.0% 1.0% 

Method 

Blank-1 
<0.12 ng/L 0.19 ng/L 0.08 ng/L <0.20 ng/L 0.01 0.13 ng/L 

Method 

Blank-2 
<0.12 ng/L 0.07 ng/L 0.11 ng/L <0.20 ng/L 0.00 0.12 ng/L 

Method 

Blank-3 
<0.12 ng/L 0.22 ng/L 0.13 ng/L <0.20 ng/L 0.01 0.21 ng/L 

Method 

Blank-4 
N/A N/A N/A N/A N/A 0.12 ng/L 

Method 

Blank-5 
N/A N/A N/A N/A N/A 0.16 ng/L 

Mean 

Method 
Blank 

<0.12 ng/L 0.16 ng/L 0.11 ng/L <0.20 ng/L 0.01 ng/L 0.15 ng/L 

Estimated 

MDL 
0.12 ng/L 0.24 ng/L 0.08 ng/L 0.20 ng/L 0.02 ng/L 0.11 ng/L 

MS 

Recovery 
93% 107% 105% 116.8% 100.5% 111% 

MSD 

Recovery 
94% 115% 84.1% 116.7% 96.6% 115% 

RPD 2% 6% 7.6% 12.8% 2.7% 1.9% 

See Appendix E: Definitions and Equations for details regarding control limits, definitions of abbreviations, 

and equations used 
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Table 4: Methyl Mercury in Sediment Intercomparison-Laboratory Results 

Laboratory Results - Total Mercury in Freshwater QC 

Parameter 
Laboratory 

A 
Laboratory 

B 
Laboratory 

C 
Laboratory 

D 
Laboratory 

E 
Laboratory 

F 

Sediment 

Reference 

Material  

16.1 ng/g 3.872 ng/g 3.10 ng/g 4.04 ng/g 7.49 ng/g 6.96 ng/g 

Sediment 

Reference 

Material 

MD 

15.4 ng/g 3.969 ng/g 3.34 ng/g 4.16 ng/g 7.61 ng/g 4.95 ng/g 

Sediment 

Reference 

Material 

MT 

14.6 ng/g 3.318 ng/g 3.28 ng/g 4.31 ng/g 7.18 ng/g N/A 

Mean 

Sediment 
Reference 
Material 

15.4 ng/g 3.720 ng/g 3.24 ng/g 4.17 ng/g 7.43 ng/g 5.96 

RSD/RPD 4.9% 9.4% 3.9% 3.2% 3.0% 33.8% 

Method 

Blank-1 
<0.0164 ng/g 0.001 ng/g <0.01 ng/g <0.009 ng/g 0.04 ng/g < 0.02 ng/g 

Method 

Blank-2 
0.043 ng/g 0.000 ng/g <0.01 ng/g <0.009 ng/g 0.07 ng/g < 0.02 ng/g 

Method 

Blank-3 
0.030 ng/g 0.001 ng/g <0.01 ng/g <0.009 ng/g 0.03 ng/g < 0.02 ng/g 

Mean 

Method 
Blank 

0.030 ng/g 0.001 ng/g <0.01 ng/g <0.009 ng/g 0.05 ng/g < 0.02 ng/g 

Estimated 
MDL 

0.030 ng/g 0.002 ng/g 0.01 ng/g 0.009 ng/g 0.06 ng/g 0.02 ng/g 

MS 

Recovery 
86% 94% 98.9% 70.7% 91.7% 106.2% 

MSD 

Recovery 
110% 95% 75.7% 75.3% 91.4% 149.9% 

RPD 25%
a
 1% 12.0% 7.2% 0.3% 21.8% 

See Appendix E: Definitions and Equations for details regarding control limits, definitions of  

abbreviations, and equations used. 
a
Note: Sample spiked at less than the reported ambient sample concentration 
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Table 5: Determination of Reference Value - Total Mercury in Freshwater 

Sample Identification Total Hg, ng/L 

Freshwater Composite - Spiked Rep 1 2.83 

Freshwater Composite - Spiked Rep 2 2.78 

Freshwater Composite - Spiked Rep 3 2.70 

Freshwater Composite - Spiked Rep 4 2.74 

Freshwater Composite - Spiked Rep 5 2.79 

Freshwater Composite - Spiked Rep 6 2.77 

Freshwater Composite - Spiked Rep 7 2.75 

Mean Freshwater Composite - Spiked 2.75 ± 0.07 ng/L 

Relative Standard Deviation (RSD) 2.5% 

Estimated MDL 0.06 ng/L 

Freshwater Composite – Spiked + 9.78 ng/L MS 13.04 ng/L (104.4% recovery) 

Freshwater Composite – Spiked +  10.02 ng/L MSD 13.10 ng/L (102.5% recovery) 
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Table 6: Bottle Mercury Level Screening Tests 

Sample Identification Commentsa Total Hg (ng/L) 

Bottle Blank - 1 Pass - Used in Study 0.04 

Bottle Blank - 2 Pass - Used in Study 0.08 

Bottle Blank - 3 Pass - Used in Study 0.09 

Bottle Blank - 4 Pass - Used in Study 0.07 

Bottle Blank - 5 Pass - Used in Study 0.05 

Bottle Blank - 6 Pass - Used in Study 0.06 

Bottle Blank - 7 Pass - Used in Study 0.07 

Bottle Blank - 8 Pass - Used in Study 0.11 

Bottle Blank - 9 Pass - Used in Study 0.00 

Bottle Blank - 10 Pass - Used in Study 0.09 

Bottle Blank - 11 Pass - Used in Study 0.01 

Bottle Blank - 12 Pass - Used in Study 0.06 

Bottle Blank - 13 Pass - Used in Study 0.06 

Bottle Blank - 14 Pass - Used in Study 0.05 

Bottle Blank – 15 Pass - Used in Study 0.07 

Bottle Blank – 16 Pass - Used in Study 0.14 

Bottle Blank – 17 Pass - Used in Study 0.03 

Mean [THg] of Bottles Used in Study 0.06 ± 0.03 ng/L 

Method Detection Limit 0.06 ng/L 

a
Acceptance criterion: [THg] ≤ 0.20 ng/L 
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Table 7: Vial Mercury Level Screening Tests 

Sample Identification Commentsa Total Hg (ng/g) 

Vial Blank - 1 Pass - Used in Study -0.10 

Vial Blank - 2 Pass - Used in Study 0.03 

Vial Blank - 3 Pass - Used in Study -0.13 

Vial Blank - 4 Pass - Used in Study -0.06 

Vial Blank - 5 Pass - Used in Study -0.08 

Vial Blank - 6 Pass - Used in Study -0.08 

Vial Blank - 7 Pass - Used in Study -0.01 

Vial Blank - 8 Pass - Used in Study -0.10 

Mean [THg] of Vials Used in Study -0.07 ± 0.05 ng/g 

Method Detection Limit 0.06 ng/g 

a
Acceptance criterion: [THg] ≤ 0.05 ng/g (assumed sample mass of 1 g) 
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Appendix B: List of Participants 
 

Battelle Marine Sciences Laboratory 

1529 West Sequim Bay Road 

Sequim, WA  98382 

Contact: Brenda Lasorsa (brenda.lasorsa@pnl.gov) 

 

Brooks Rand, LLC (Referee Laboratory) 

3958 6
th

 Avenue Northwest 

Seattle, WA 98107 

Contact: Michelle Briscoe (michelle@brooksrand.com) 

 

University of Connecticut 

Department of Marine Sciences 

1080 Shennecossett Road 

Groton, CT 06340  

Contact: Rob Mason (robert.mason@uconn.edu) 

 

Moss Landing Marine Laboratory 

California Department of Fish and Game 

8272 Moss Landing Road 

Moss Landing, CA 95039 

Contact: Wes Heim (wheim@mlml.calstate.edu) 

 

Laboratory for Oceanographic and Environmental Research 

Texas A&M University at Galveston 

5007 Avenue U 

Galveston, TX 77551 

Contact: Ron Lehman (lehmanr@tamug.edu) 

 

U.S. Geological Survey-Menlo Park 

345 Middlefield Road/MS 480 

Menlo Park, CA 94025 

Contact: Mark Marvin-DiPasquale (mmarvin@usgs.gov) 
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Appendix C: Corrective Actions 

Incident Description: 

Laboratories C and F neglected to analyze a certified reference material or second source 

standard for freshwater. 

Issues Resulting from Incident: 

It is considered a good laboratory practice to analyze a second source standard or certified 

reference material during each analysis. However, neglecting to analyze such reference samples 

does not affect the accuracy of the data reported. 

Corrective Action: 

We further recommend that Laboratories F and C analyze a certified reference material or second 

source standard in freshwater with each freshwater analysis in order for the laboratories to 

evaluate accuracy during the analysis. 
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Appendix E: Definitions and Equations 
 

Relevant Measurement Quality Objectives (MQOs) per the CBDA Mercury Studies QAPP 

 

Acceptance Limits-Relative Standard Deviation  

Matrix/Analyte Combination RSD 

Total Mercury in Water 25% 

Methylmercury in Sediment 35% 

Note: calculation of RSD detailed below 

 

Acceptance Limits-Matrix Spike Recoveries 

Matrix/Analyte Combination Recovery 

Total Mercury in Water 
75-125% Recovery 

25% RPD between MS/MSD 

Methylmercury in Sediment 
70-130% Recovery 

25% RPD between MS/MSD 

Note: calculation of matrix spike recoveries detailed in the relevant analytical method 

 

Commonly Used Abbreviations: 

MD-Matrix Duplicate 

MT-Matrix Triplicate 

MS-Matrix Spike 

MSD-Matrix Spike Duplicate 

MDL-Method Detection Limit 

RPD-Relative Percent Difference 

RSD-Relative Standard Deviation 

CRM-Certified Reference Material 
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Calculation of Relative Standard Deviation (RSD): 

 

Where: 

[parent] = Concentration of Parent Sample Digest 

[rep 1] = Concentration of Matrix Duplicate Digest 

[rep 2] = Concentration of Matrix Triplicate Digest 

[mean] = Mean Concentration of the Three Replicate Analyses 

 

The relative standard deviation (expressed as a percent) is calculated as follows: 

 

% RSD = standard deviation [parent], [rep1], [rep2]   * 100 

mean 
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STANDARD OPERATING PROCEDURES     SULFIDE 
METHODS: Iodometric Titration:  SM 4500-S

2
 E;  EPA  376.1 

Methylene Blue Colorimetric:  SM4500-S
2
 D;   EPA 376.2 

Total Sulfide:  SW-846 9030A;  PSEP 
Acid Volatile:  EPA  1991  (Allen, etal.) 
Reactive:  SW-846  7.3.4.2 

 
HOLDING TIME:  7 days (14 days AVS, Allen et al. 1991), 24 hrs for Dissolved 
 
1.0.  Scope and Application 
Sulfide exists in a variety of states dependant upon pH and redox potential of the sample matrix.  
Primary forms include H2S, HS

-
, S

=
, and metal sulfide complexes which vary widely in their 

degree of solubility (generally pH dependant dissociation to sulfide and metal ions). 
 
Sulfide is highly volatile and subject to rapid oxidation to elemental sulfur and sulfate.  Exercise 
care in the handling of samples to minimize atmospheric contact.  Holding times vary (7-28 days) 
but we routinely use 7 days with the exception of dissolved sulfide.  Dissolved sulfide can only be 
run on samples which have not been preserved and should be run within 24 hours of collection. 
 
Preservation of sulfide samples is usually accomplished in the field by the addition of zinc acetate 
resulting in the formation of slightly soluble zinc sulfide (a white colored precipitate).  If the 
analysis is not completed within 24 hours of collection, the lab should verify that the samples 
have been preserved and add zinc acetate as necessary (0.2 mL of 2N zinc acetate per 100 mL 
of aqueous sample or 5 mL per 30 grams of sediment sample). 
 
Sulfide includes all of the above forms contained in both aqueous and solid phases.  Protocol for 
the separation of total and dissolved forms as well as operational definitions for the analysis of 
total sulfide is shown on the following flow chart.  Definitions for the various forms of sulfide are 
given below. 
 

Flow Chart for Sulfide Analysis

SAMPLE
Client requested analyte

TOTAL SULFIDE 6.2  SOLUBLE SULFIDE

6.3  Solids 6.1  Aqueous 6.2  Aqueous Solids

Sample See SOP for

Client Request ?? Sample Turbid yes Preserved water soluble
?? cannot analyze ?? sulfide in

dissolved sulfide sediments
on preserved samples

6.3  Distillation yes no no
PSEP 9030 A 9030 AI Reactive AVS

pH 3.0-4.5 pH <1 pH <1 NA pH < 3 Extract
HCl H2SO4 HCl H2SO4 HCl precipitate Concentrate Sample Turbid
90 C 70C 100 C 25 C 25 C with excess with excess ??

45 min 90 min 90 min 30 min 60 min ZnOAc and ZnOAc or
distill solid proceed no yes Turbid ??

phase directly to
finish

precipitate no
solids with

Zinc Acetate Trapping Solution AlCl3 & NaOH

supernatent
solution

Finish Analysis
6.4  iodometric titration if sulfide > 1 mg/L

6.5  methylene blue colorimetric if sulfide < 1 mg/L
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Analysis of sulfide in both aqueous and solid phase samples may require acidification and 
distillation to release the sulfide from matrix complexes (See Procedure 6.3).  Released sulfide is 
trapped in a zinc acetate solution which is then analyzed for sulfide using either titrimetric or 
colorimetric procedures.  Key factors in the acidification-distillation process are the pH under 
which sulfide is to be released and the requirement for anoxic conditions.  Oxygen is removed 
from the system by purging with nitrogen and running the entire distillation in a nitrogen 
atmosphere.  The control of pH is obtained either through the use of color indicators, adding set 
volumes of acid having known molarity, or by pre-treating a representative aliquot of sample to 
determine the acid addition required to achieve a given extraction pH. 
 
The acidification-distillation process may also be used to concentrate the sulfide contained in an 
aqueous phase sample since the trap volume (50 mL) can be less than the original sample 
volume.  It should be noted that the trapping process can be very inefficient.  Recoveries are 
often in the range of 50 - 70 % and can be lower than this.  This appears to be due to oxygen 
leaks in the nitrogen gas train and/or unavoidable leaks of oxygen into the system during the 
periods of acid or sample introduction.  Obviously, great care must be exercised during the 
process to insure the system is fully purged of oxygen and that unavoidable introductions of 
oxygen are minimized.  Sulfide spikes should be run with every batch of samples in order to 
asses and report system behavior with respect to sulfide recovery. 
 
Sulfide trapped in the zinc acetate solution may be analyzed by either direct iodometric titration 
(procedure 6.4) or by the spectrophotometric methylene-blue procedure (Procedure 6.5).  Direct 
iodometric titration is used for higher levels of sulfide (>1.0 mg/L) or when a noticeable white 
precipitate (zinc sulfide) appears in the trapping solution.  However, iodometric titration is also an 
integral component of the spectrophotometric procedure where it is used to quantitate the 
concentration of the sulfide stock standard.  The spectrophotometric procedure is used for 
concentrations <1mg/L and/or when specifically requested.  Both procedures are outlined in 
Section 6.  In general, use the spectrophotometric procedure, diluting samples or extracts as 
necessary to fit the range of the standard curve. 
 
2.0.  Definitions 
2.1.  Dissolved (soluble) sulfide includes aqueous phase sulfide which remains in solution after 

suspended solids have been removed by flocculation and settling with aluminum chloride and 
sodium hydroxide.  Dissolved sulfide can only be determined on samples which have not 
been preserved with zinc acetate. 

 
2.2.  Total sulfide includes dissolved soluble sulfides as well as most metal complexed sulfides 

with the exception of some highly insoluble forms (e.g CuS and SnS2).  The analysis of total 
sulfide in solid phase samples (soils or sediments) is operationally defined by the procedure 
used to extract the sulfide from the sample matrix.  Extraction is conducted by acid distillation 
from the sample matrix, the main differences between the extraction procedures being the 
acid used for extraction, the pH of the extracting medium and temperature.  Sulfide is 
released in the gas phase and trapped in a solution of zinc acetate.  The various total sulfide 
distillation techniques are: 
 
2.2.1.  Puget Sound Estuary Program (PSEP) Total Sulfide.  This is the acidification of a 

sediment sample with pre-treated, concentrated hydrochloric acid to methyl orange pH 
(3.5-4.5) with heated distillation (90ºC) for 45 minutes.  Our procedure is a modification of 
the original PSEP method using a bromphenol blue indicator (pH 3.0-4.6) and 
temperatures below the boiling point to avoid carry over of water into the trapping 
solution.  There is no specified time period for extraction but 45 minutes would be 
consistent with other extraction procedures. 

 
2.2.2.  Acid Volatile Sulfide (AVS) is defined as solid phase sediment sulfide which is 

released by extraction in hydrochloric acid (6N HCl) at room temperature and pH <3 for 
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60 minutes.  The procedure described here for the extraction of AVS follows Allen et al., 
1991 (EPA Draft Method 1991). 

 
2.2.3.  EPA SW-846 Acid Soluble Sulfide (Method 9030 A).  This procedure estimates total 

sulfide as that sulfide released by sulfuric acid extraction at 70ºC and a pH < 1 for 90 
minutes.  It does not include the highly insoluble metal complexes.  Trapping is 
conducted in zinc acetate with formaldehyde added to prevent interference associated 
with other reduced forms of sulfur.  Iodometric titration is the prescribed finish analysis. 

 
2.2.4.  EPA SW-846 Acid Insoluble Sulfide (Method 9030 A).  This procedure estimates total 

sulfide including most acid insoluble metal complexes.  Distillation is conducted with 
concentrated hydrochloric acid which must be adjusted to approximately 6.5N in the 
distillation flask (taking into account the water content of the sample and the water used 
as a dispersing medium).  The distillation is conducted at a temperature of 100ºC for a 
period of 90 minutes.  Tin(II) chloride is added to prevent the oxidation of sulfide during 
the distillation (it can also reduce sulfur to sulfide hence yielding false positive results).  
Released sulfide is trapped in a zinc acetate / sodium acetate buffer.  Formaldehyde is 
added to the trap solution to reduce interference associated with other reduced forms of 
sulfur (e.g. sulfite, sulfur dioxide)  Iodometric titration is the prescribed finish analysis. 

 
2.2.5.  EPA SW-846 Reactive Sulfide (Section 7.3.4.1).  This procedure estimates that sulfide 

released by extraction in 0.01 N sulfuric acid after a 30 minute distillation period at room 
temperature.  Calculations include both "specific rate of release" (mg/kg/sec) and "total 
releasable sulfide" (mg/kg).  Both are expressed on a fresh weight basis. 

 
 
3.0.  Equipment and Supplies 
3.1.  Equipment & Glassware 

3.1.1.  Distillation 
• 250 mL, 3 neck distillation flasks, 24/40 ground glass joints (Kontes 606020-0624) 
• Nitrogen gas inlet adaptor, 24/40 taper (Kontes 179700-0824) 
• Outlet adaptor, 24/40 taper (Kontes 183000-2440) 
• Acid addition funnel, 125 mL, 24/40 taper (Kontes 634580-0125) 
• 250 mL gas washing bottles with straight glass frit (VWR 16408-043) 
• Teflon sleeves for 24/40 ground glass joints (Fisher 14-320 F) 
• Polyacetal clamps for 24/40 joints (Kontes 675300-0024) 
• 6-place stirring / heating manifold for 250 mL flasks (Electrothermal) 
• Nitrogen gas cylinder, purified 
• Oxygen trap for nitrogen supply (Altech Indicating Oxytrap #4334).  Traps are 

recyclable and should be returned to Altech for regeneration when indicator changes 
color from green to gray. 

 
3.1.2.  Titration 

• Digital burette 
• magnetic stir plate 
• 250 mL Erlenmeyer flask 
• pipettors, various volumes 

 
3.1.3.  Colorimetric finish. 

• graduated Folin tubes (50 mL) 
• capped plastic culture tubes (14 mL).  VWR # 60818-615 

 
3.2.  Reagents 
NOTE:  Some reagents and all sample dilutions should be made with deoxygenated / deionized 
water (DDIW).  A sufficient volume (enough to last for the days use) should be prepared daily by 
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purging with nitrogen gas for at least 1 hour.  Keep the container tightly closed and open only 
when needed. 
 

3.2.1.  Sodium hydroxide .  6M solution.  Dissolve 240 grams NaOH in DI and dilute to 1 liter 
after cooling. 

 
3.2.1.1.  Sodium hydroxide (1M).  Add approximately 83 mL of the 6M solution to 400 mL 

DI.  Mix, cool to room temperature and dilute to a final volume of 500 mL. 
 
3.2.1.2.  Sodium hydroxide (0.01M).  Add 1.7 mL 6M NaOH to 500 mL DI and dilute to a 

final volume of 1000 mL. 
 
3.2.2.  Sulfuric acid (concentrated. H2SO4).  Used for 9030A acid soluble extractions. 
 

3.2.2.1.  Sulfuric acid (0.1N).  Add 2.8 mL conc. H2SO4 (FW = 98.078, Spg = 1.835, 97%) 
to 500 mL DI, mix and dilute to 1000mL. 

 
3.2.2.2.  Sulfuric acid (0.01N).  Dilute the 0.1N solution 100 mL to 1000 mL DDIW to 

prepare the 0.01N acid for extraction.  Used for Sulfide Reactivity extraction. 
 
3.2.3.  Zinc acetate (2N, 1M).  Dissolve 220 g Zn(C2H3O2)2•2H2O (FW = 219.49) in 800 mL DI 

and dilute to final volume of 1000 mL with DI.  Store in polyethylene or glass bottle. 
 

3.2.3.1.  Zinc acetate (0.2N) trapping solution.  Add a few drops of acetic acid to 100 mL 
of the 2N solution and dilute to 1000 mL.  This is the trapping solution for all 
distillations except the 9030A acid insoluble procedure. 

 
3.2.3.2.  Zinc acetate/sodium acetate buffer.  Dissolve 100 g sodium acetate (NaC2H3O2) 

and 11 grams zinc acetate (Zn(C2H3O2)2•2H2O) in 800 mL DI.  Add 1 mL 
concentrated hydrochloric acid and dilute to a volume of 1000 mL.  The resulting pH 
should be 6.8.  This is the trapping solution for 9030A acid insoluble sulfide. 

 
3.2.4.  Reducing agent.  0.025N Sodium Thiosulfate (Na2S2O3 5H2O).  Dissolve 6.205 grams 

Na2S2O3 5H2O in 500 mL deionized water.  Add 1.5 mL 6N sodium hydroxide and dilute 
to 1000 mL.  Standardize daily against standard potassium bi-iodate solution. 
 
Standard Potassium Bi-iodate solution (0.025 N).  Dissolve 0.8124 g KH(IO3)2 in 
deionized water and dilute to 1000 mL.  Record the exact weight of salt used and the 
prepared volume (mL).  Equivalents of bi-iodate = grams KH(IO3)2 / 32.495. 
 
Standardization of Thiosulfate titrant.  Dissolve 2 g potassium iodide (KI) in 100 to 150 
mL DI contained in a 250 mL Erlenmeyer flask.  Add 1 mL 6N H2SO4 and 20 mL 0.025 N 
bi-iodate solution.  Dilute to 200 mL and titrate with the sodium thiosulfate solution. 
 
Calculate Normality of the thiosulfate as 
 

mL bi-iodate  X  0.025 N  /  mL thiosulfate 
 
Calculations are done on the benchsheet automatically.  The value should fall within 10% 
of the prepared normality.  If it does not, the benchsheet will flag the occurrence “Chk for 
Error” and the analyst should evaluate their procedure and/or prepare a fresh thiosulfate 
solution. 

 
3.2.5.  Hydrochloric acid (6N).  Carefully, and with mixing, add 500 mL conc. HCl to 400 mL 

DI.  Allow to cool and bring to final volume of 1000 mL.  Purge with nitrogen for 1 hour 
prior to use.  If used for AVS/SEM extraction, use ultrapure HCl.  If only AVS, use our 
standard HCl. 
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3.2.5.1.  Treated Hydrochloric Acid.  Perform the following treatment in a fume hood.  

Transfer 500 mL concentrated HCl to a 1000 mL beaker.  Add 2 small strips of 
aluminum foil.  Following the subsequent reaction, decant the acid to a 1 liter plastic 
bottle.  Used for PSEP distillations. 

 
3.2.5.2.  Hydrochloric acid (9.8 N).  Add 200 mL DI to a 1000 mL beaker.  Slowly add 

concentrated HCl to the 1000 mL mark on the beaker.  Used for 9030 A acid 
insoluble extraction. 

 
3.2.6.  Iodine standard (0.025 N).  Dissolve 20-25 grams potassium iodide (KI) in 500 mL DI 

and then add 3.2 g iodine (FW I = 126.9045), when the iodine has dissolved, dilute to 
1000 mL.  Store in amber glass bottle at room temperature, avoid direct sunlight. 

 
NOTE:  Iodine in solution is subject to loss through volatilization and reduction to iodide 
in the presence of water and sunlight (the addition of the potassium iodide is to offset 
these losses) and the solution must be standardized with each use.  Standardize 
(determine the normality of the iodine) against standardized 0.025 N sodium thiosulfate 
(thio) as described below.  Standardization of the iodine solution is the first step in the 
routine daily analysis and analytical data are entered directly on the benchsheet. 

 
Proceed as follows 

3.2.6.1.  Add 3 mL of the iodine solution and 0.5 mL of 6N HCl to a 125 mL 
Erlenmeyer flask 

  
3.2.6.3.  Titrate with standardized thio to light straw yellow color. 
3.2.6.4.  Add 1 scoop of thyodene indicator and continue titration to just remove the 

blue color.  Record the mL of thio used and then repeat the titration 2 more 
times. 

 
Normality is calculated from the mean of the three replicate determinations as: 

 
Normality iodine  =  (mL thio  X  Normality thio)  /  mL iodine  

 
3.2.7.  Sodium sulfide stock standard.  Dissolve approximate 0.5 grams crystalline 

Na2S·9H2O (FW = 240.18, 13.35% S) in 100 mL DDIW.  Standardize against iodine/thio 
as directed below.  Record the exact weight of crystals used as a check on 
standardization.  Standardization is the second step in the routine daily analysis and all 
data must be recorded on the benchsheet. 

 
NOTE:  due to the deliquescent nature of sodium sulfide and the possibility of oxidized 
coatings on the surfaces of the crystals, you cannot accurately weigh the salt to obtain a 
value for the sulfide content of the standard solution.  The sulfide stock solution must be 
titrated to determine it's actual concentration.  The value derived from the weight of salt 
used is an approximation only and should be around 0.6 mg/mL when prepared as 
directed. 

 
The standardization of the stock is based upon iodometric titration in which hyrogen 
sulfide (H2S) becomes oxidized to sulfur (S) while iodine (I2) becomes reduced to iodide 
(I-) according to the following reaction: 

 
H2S  +  I2   ---->   S  +  2I

-
  +  2H

+
 

 
When the solution is titrated with standardized reducing agent (thio), any iodine 
remaining in solution will be reduced to iodide while thio is oxidized as follows: 
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I2  +  thiored   ---->   2I
-
  +  thioox 

 
Knowing the equivalents of iodine originally added to the solution (mL iodine  X  normality 
iodine) and the equivalents of reducing agent (mL thio  X  normality thio) required to 
reduce any iodine remaining after reaction with sulfide allows for the calculation of sulfide 
(16 mg/meq) by difference, as follows: 
 

mg S
=
/mL  =  {[(mL I2  X  N I2)  -  (mL thio  X  N thio)]  X  16}  /  mL sample 

 
Proceed as follows: 

3.2.7.1.  Add 3 mL of standardized iodine solution and 0.5 mL of 6N HCl to a 125 mL 
Erlenmeyer titration flask.  Add 50 mL DDIW water and mix. 

 
3.2.7.2.  Add 1 mL of the sulfide stock solution, mix gently and titrate with 

standardized thio to a light straw yellow color. 
 
3.2.7.3.  Add one scoop of thyodene indicator and continue titration to just remove 

the blue color.  Record the volume of iodine and the mL of thio in the appropriate 
cells of the benchsheet. 

 
3.2.7.4.  Repeat the titration 2 more times.  Sulfide concentration in the stock solution 

(mg S/mL) is calculated as the average of the three replicate determinations.  
This solution will be used for the preparation of the intermediate standard and for 
conducting matrix spikes. 

 
3.2.8.  Sodium sulfide intermediate standard.  Dilute 10 mL of the STOCK solution to 250 mL 

with 0.01M NaOH.  Enter the dilution volumes on the benchsheet for calculation of the 
intermediate concentration (approximately 0.02 mg/mL).  Prepare this solution daily.  
Concentration will be dependant upon the concentration of the stock solution and the 
dilution volumes used.  This solution will be used for preparation of the colorimetric 
standard curve and should be verified by independent titration as follows. 

 
3.2.8.1.  Add 6 mL of standardized iodine and 0.5 mL 6N HCl to a 125 mL Erlenmeyer 

flask.  Mix and then add 50 mL of the prepared intermediate standard. 
3.2.8.2.  Titrate with standardized thio to a light straw yellow color.  Add one scoop 

thyodene indicator and continue titration to just remove the blue color. 
3.2.8.3.  Record the mL of thio required. 
3.2.8.4.  The mg/mL value for the intermediate will be computed automatically and should 

agree with the calculated value within 10 %.  The benchsheet will flag an out-of-
control verification as "Unacceptable".  If this occurs, repeat the titration and/or 
prepare a new intermediate standard. 

 
3.2.9.  Ferric chloride (0.37 N).  Dissolve 100 grams FeCl3•6H2O in 60-70 mL hot DI.  Allow to 

cool and dilute to volume of 100 mL. 
 
3.2.10.  Amine solution (STOCK).  Dissolve 2.7 g N,N-dimethyl-p-phenylenediamine sulfate 

in 100 mL 1+1 H2SO4.  Prepare weekly and store in amber container. 
 

3.2.10.1.  Amine solution (WORKING).  Dilute 2 mL of STOCK AMINE solution to 100 mL 
with 1+1 H2SO4.  Store in amber container and prepare fresh daily. 

 
3.2.11.  Diammonium hydrogen phosphate.  Dissolve 200 grams (NH4)2HPO4 in 500 mL 

deionized water. 
 
3.2.12.  Aluminum chloride.  Dissolve 100 g AlCl3 • 6H2O in 144 mL DDIW. 
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3.2.13.  Formaldehyde solution (37%).  Commercially available. 
 
3.2.14.  Tin(II) chloride.  SnCl2, Granular 
 
3.2.15.  Thyodene Indicator  (Fisher T138-100) 

4.0.  Documentation 
 
 
5.0.  In-house Modifications from Referenced Methods 
 
 
6.0.  Procedures 
6.1.  Total Aqueous Sulfide.  This procedure is for the measurement of total sulfide in aqueous 
samples.  The described method will measure dissolved and most complexed sulfides with the 
exception of some highly insoluble metal sulfides (notably copper, tin and silver complexes). 
 
In general, if the sample is not highly colored, excessively turbid or does not contain reducing 
substances which might interfere with the analysis (e.g. thiosulfate, sulfite) you may proceed 
directly to either the iodometric titration (Procedure 6.4) or the methylene blue colorimetric 
technique (Procedure 6.5).  If the sample is turbid, highly colored or known to contain thiosulfate 
or sulfite, pre-treatment to remove interferences will be necessary.  Pre-treatment will be either 
further precipitation of sulfide or distillation and trapping in zinc acetate (Procedure 6.3). 
 
The sample should have been preserved with zinc acetate at the time of collection resulting in the 
formation of a white zinc sulfide precipitate.  If an ARI bottle was used for collection, the bottle 
should be labeled as "Total Sulfide preserved with ZnOAc".  Verify preservation.  If the sample 
has not been preserved and the analysis is to be delayed beyond the date of receipt in the 
laboratory, add 2N zinc acetate (0.2 mL per 100 mL of sample).  Samples thus preserved must 
be analyzed within 7 days of sampling. 
 

6.1.1.  If the sample is free from turbidity and/or reducing substances, you may proceed 
directly to either the iodometric titration (6.4) or the methylene blue colorimetric 
procedure (6.5).  If the sample is highly colored, turbid or contains reducing substances, 
proceed to 6.1.2. 

 
6.1.1.1.  Evaluate the sample for the presence of the zinc sulfide precipitate.  If there is a 

significant precipitate, you may assume a high concentration of sulfide and hence the 
titration would be appropriate.  If no precipitate is evident and preservation has been 
confirmed, use the colorimetric procedure. 

 
6.1.1.2.  Carefully mix the sample to redistribute the precipitate and take an aliquot for 

titrimetric analysis (avoid excessive agitation, particularly if there is head space in the 
sample bottle).  If the titration returns a value less than 1 mg/L, use the colorimetric 
procedure for further analysis. 

 
6.1.1.3.  If the colorimetric procedure yields a value below detection and you have 

observed a noticeable precipitate (or the field notes indicate the presence of a 
"sulfide smell" during collection), you may concentrate the precipitate into a smaller 
volume for analysis.  Proceed as follows: 

 
• Mark the sample bottle to indicate the level of sample remaining ("initial 

volume").  Add an additional 3-4 drops of 2N zinc acetate to the original 
sample bottle and adjust to pH >9 with dropwise addition of 1M sodium 
hydroxide.  A white precipitate should form and settle to the bottom of the 
bottle (allow approximately 30 minutes for settling). 
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• Decant or siphon as much as the supernatant solution as possible, without 
losing any of the precipitate.  Mark on the outside of the sample container the 
"adjusted volume" containing the precipitate. 

 
• Determine the sulfide concentration in the adjusted sample volume using the 

colorimetric procedure. 
 
• Refill the sample bottle with water to the appropriate marks and determine 

the "adjusted volume" and the "initial volume".  Record these volumes on the 
analyst’s notes.  Final calculations must include a correction for sample 
concentration as follows: 

 
mg/L sulfide  =  (mg/L meas X mL adjusted volume) / mL initial volume 

 
6.1.2.  If the sample is highly colored or turbid, precipitate the sulfide with additional zinc 

acetate and adjust to pH >9. 
 

6.1.2.1.  Mark the sample bottle to indicate the "original sample volume" and add an 
additional 3-4 drops of 2N zinc acetate.  Adjust to pH >9 by dropwise addition of 1M 
NaOH and allow precipitate to settle for 30 minutes. 

 
6.1.2.2.  Decant or siphon as much of the supernatant solution as possible without losing 

any of the precipitate and refill to the "original volume" mark with DDIW. 
 
6.1.2.3.  If the sample is still colored or turbid, adjust the pH as necessary and repeat the 

precipitation.  Again decant or siphon the supernatant and refill to the "original 
volume" mark.  If the solution is now clarified, proceed to either the titrimetric or 
colorimetric analysis on the treated sample. 

 
6.1.2.4.  If you cannot clearly distinguish the level of the precipitate or if the sample does 

not clarify after two repeated precipitations, you must proceed to the distillation 
procedure for releasing the sulfide and trapping it in zinc acetate.  Use the 9030A 
acid soluble protocol (Procedure 6.3) for distillation. 

 
 
6.2.  Soluble (dissolved) Aqueous Sulfide.  This procedure is for dissolved, soluble, sulfide in 
aqueous unpreserved samples.  Samples for dissolved sulfide must be run on the day of sample 
collection.  This procedure should also be used for the aqueous extracts derived from the soluble 
sulfide extraction of solid phase samples (See Separate SOP for "Water Soluble Sulfide in 
Sediments").  The described procedure will measure dissolved sulfides which remain in solution 
after precipitation of particulate materials and complexed metal sulfides with aluminum chloride 
and sodium hydroxide.  If the sample is free of turbidity and particulate materials, there is 
generally no need to run the precipitation and dissolved sulfide will equal total sulfide as 
determined above.  If the sample has been preserved with zinc acetate, any dissolved sulfide will 
be complexed as zinc sulfide along with any other metal sulfides which might be present and the 
analysis of dissolved sulfide is not possible. 
 

6.2.1.  If the sample is free from turbidity and particulate materials, proceed directly to either 
the titrimetric procedure (6.4) or the methylene blue colorimetric procedure (6.5).  If there 
is a noticeable sulfide odor, use the iodometric titration.  If the titration returns a value 
less than 1 mg/L, proceed with the colorimetric procedure. 

 
6.2.2.  If the sample is turbid or contains particulate materials or precipitates, these must be 

removed by flocculation-precipitation with aluminum chloride at an alkaline pH (pH 6-9).  
Precipitation is carried out in a 300 mL BOD bottle and you must use care in transferring 
solutions to minimize aeration of the sample.  Proceed as follows: 
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6.2.2.1.  Add 0.6 mL 6M NaOH solution to a 300 mL BOD bottle. 
 
6.2.2.2.  Carefully fill the bottle with sample using minimum agitation and entrapping no 

air bubbles. 
 
6.2.2.3.  Add 0.6 mL AlCl3 solution, place stopper in bottle (NO AIR BUBBLES !!) and mix 

by repeatedly inverting the bottle for 1 minute.  (Some variation in the volume of 
added reagent is allowed to effect flocculation and precipitation but do not add 
additional reagent unless it is absolutely necessary, pH must be maintained between 
6 and 9). 

 
6.2.2.4.  Allow precipitate to settle for 5-15 minutes or until a clear supernatant can be 

drawn off for analysis.  Remove the clarified supernatant as soon as is practically 
possible.  Do not allow extended settling times !! 

 
6.2.2.5.  Proceed immediately with the analysis of sulfide using either iodometric titration 

(for high levels) or the colorimetric procedure. 
 
6.2.2.6.  The analyst must clearly identify that aluminum chloride precipitation has been 

used.  It is sufficient to indicate this on the analysts notes with an additional comment 
on the actual benchsheet used for finish analysis. 
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6.3.  Distillation Procedures 
Distillation / extraction is required for all solid phase samples and for those aqueous samples 
which are highly colored or turbid (hence interfering with either titrimetric or colorimetric 
procedures).  There are several different procedures for the distillation of sulfide in aqueous 
and/or solid phase samples.  These vary with respect to reaction conditions but all require the 
same distillation apparatus.  A Distillation Log Form (ARI 6128, shown below) must be completed 
for all distillations. 
 
Sulfide Distillation Log

Pretreatment Date: Analyst:
enter "extract procedure" as: Extraction Date: Analyst:
PSEP = PSEP
9030A acid soluble = 9030A
9030A acid insoluble = 9030AI
Acid Volatile = AVS
SW-846 Reactive = Reactive

Pretreatment Data  Sample Extraction Data  
Sample % % Date grams Extract Extract required mL DDIW observed Date grams mL acid mL DDIW Final trap

ID Solids water sample procedure Acid pH required mL acid sample required required vol (mL)
100%  PSEP conc HCl NA NA NA  NA 0
100%  9030A conc H2SO4 < 1 0   #VALUE! 0
100%  9030AI 9.8N HCl < 1 NA  0 0
100%  AVS 6N HCl < 3 0  20 0
100%  reactive 0.01 N H2SO4 NA NA NA  125 NA

100%         
100%         
100%         
100%         
100%         
100%         
100%         
100%         
100%         
100%         
100%         
100%         
100%         

Format for aqueous samples
AQ  50.00 9030A conc H2SO4 < 1 NA   50.00  NA

Format for Distillation Standards or Matrix Spikes
Dist Std or MS mL Std = 1.00 Std mg/mL = 0.613 9030A conc H2SO4 < 1   100.00   

 
When running the distillation on solid phase samples, you must first determine the water content 
of the samples by completing the dry weight determination (this means at least a one day lag 
before you can perform the extraction).  The 9030A acid soluble (pH <1) and AVS (pH <3) 
procedures require a pre-determination of the acid addition necessary to achieve the specified 
pH conditions.  These pre-determinations should be conducted while you are waiting for the 
percent solids data.  The distillation log form (ARI 6128) contains cells for the entry of the pre-
treatment data.  Log form data entry is as follows: 
 

1.  Enter the pre-treatment date and your initials.  The date entered will automatically 
transfer to the table. 
 
2.  Enter the sample ID and % solids.  Water content will be computed automatically. 
 
3.  Enter the extraction procedure being used (PSEP, 9030A, 9030AI, Reactive, AVS).  
The required extraction acid and pH will appear. 
 
4.  Enter the pre-treatment sample weight.  This should be equivalent to the sample 
weight which will be used for the final extraction (PSEP and Reactive sulfide do not 
require pre-determination of acid addition hence there is no entry for these). 
 

 
6.3.1.  General Set-up.  Assemble the 6 place heating/stirring mantle, glassware (250 mL 

reaction flask, nitrogen inlet adapter, outlet adapter, acid addition funnel) and nitrogen 
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gas train.  Close nitrogen valves to the individual reactors and verify the following 
conditions: 
 
• The Oxytrap is installed on the gas train and is in good condition.  The indicator color 

should be green, a grey color indicates an exhausted column and the column should 
be replaced.  Exhausted columns should be sent back to Alltech for re-conditioning. 

 
• All 24/40 ground glass joints must have teflon sleeves installed.  The sleeves should 

be clean and in good condition.  Each joint should have a polyacetal clip to secure 
the joint. 

 
• Each reaction flask is rinsed with DI to remove any acid residues and contains a 

magnetic stir bar. 
 
• The nitrogen gas inlet tube extends close to the bottom of the flask (sufficient to 

extend below the surface of the liquid which will be added to the reaction flask). 
 

6.3.2.  Sulfide Gas Traps.  Obtain the required number of gas trapping bottles and thoroughly 
rinse with deionized water using vacuum aspiration from the inlet tube of the glass frit.  
This will draw the DI water from the bottle, through the frit, and will remove any residual 
acid rinsates and trapped sulfide.  If you detect a sulfide odor during the rinsing process, 
repeat the rinse (using 0.1N HCl if necessary) until no such odor is observed.  The final 
rinse must be with DI water to remove any acid residuals. 
 
Add 45 mL of 0.2N zinc acetate trapping solution and 2.5 mL of 37% formaldehyde 
solution to each gas trapping bottle.  The AVS procedure suggests trapping in 0.5M 
NaOH for the colorimetric procedure but, for the sake of consistency, we have routinely 
used the zinc acetate. 
 
If the 9030A acid insoluble procedure is being conducted, you will use the pH 6.8 sodium 
acetate / zinc acetate buffer as the trapping solution. 

 
6.3.3.  Extraction Acid.  Add the required volume of extracting acid to the acid addition 

funnels (making sure the bottom stopcock is closed before you add the acid and that the 
side arm is open).  Acids for the extraction vary as follows: 

 
• PSEP Protocol.  Add approximately 20 mL of the aluminum foil treated concentrated 

HCl.  Addition volumes will be based upon changes in the color indicator during the 
course of the extraction, 20 mL of concentrated acid should be sufficient for most 
samples 

 
• 9030A acid soluble.  Concentrated H2SO4.  Volume required must be predetermined 

by taking an aliquot of the sample equivalent to that which will be used for the 
extraction, placing it in a beaker and adding the H2SO4 to achieve a pH <1.  Note the 
volume of acid required and then add an additional 2 mL for each gram of sample to 
be extracted.  For example, assume you are extracting a 5 gram sample and you find 
that 2 mL of acid are required to reach pH < 1.  The volume of acid to be added to 
the addition funnel then would be:  2 + (2 X 5 grams) = 12 mL H2SO4.  The same 
procedure would be used for turbid aqueous samples except that the excess acid 
would not be required (i.e. simply determine acid required to achieve a pH <1). 

 
• 9030A acid insoluble.  9.8 N HCl.  Add 4 mL of acid per gram of sample to be 

extracted.  The extraction requires 6.5 N HCl in the final extracting solution.  This is 
accomplished by the addition of DDIW to the reaction flask at a rate of 6 mL per gram 
of sample minus the water content of the sample.  For example, assume you are 
extracting a 5 gram sample having a water content of 50% (i.e. 2.5 mL water in the 5 
gram sample).  20 mL of acid would be added to the addition funnel and (6 X 5) - 2.5 
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= 27.5 mL of DDIW would be added to the reaction flask.  Obviously, percent solids 
must be determined prior to conducting this extraction. 

 
• Reactive Sulfide (SW-846).  Add 125 mL of the 0.01 N H2SO4 . 
 
• Acid Volatile Sulfide (AVS).  Add 20 mL of the nitrogen purged, 6 N HCl.  The pH of 

the extracting medium must be <3.  The 20 mL acid addition is called for in the EPA 
draft method but the pH at the end of the extraction should be verified.  If the final pH 
is not less than 3, the extraction should be repeated using a larger acid addition. 

 
 
6.3.4.  Deoxygenated Deionized Water Dispersing Medium.  DDIW dispersing medium will be 

added to each reaction flask based upon the weight of sediment being extracted and it's 
water content.  Dependent upon the extraction procedure being conducted, add a volume 
of DDIW to each reaction flask as follows: 

 
• PSEP Protocol.  No dispersing volume is indicated but an addition of DDIW at a rate 

of 10 mL per gram of sample would be consistent with other extraction procedures.  
DDIW addition should be adjusted for the water volume of the sample.  For example, 
if a 5 gram sample having 50% water were being extracted, the DDIW addition would 
be (5 X 10) - (5 x 0.5) = 47.5 mL DDIW.  At this point, you will also add 2 drops of 
bromphenol blue indicator (the color should be dark blue, if it is green or yellow, acid 
is present in the flask and the apparatus must be disassembled and rinsed to remove 
all traces of acid). 

 
• 9030A acid soluble.  Add 10 mL of DDIW per gram of sample minus the water 

content of the sample itself as described above. 
 
• 9030A acid insoluble.  Normality of the HCl in the extracting medium is critical and 

DDIW is added at a rate of 6 mL per gram of sample minus the water content of the 
sample itself.  For example, assume you are extracting a 5 gram sample having a 
water content of 50 %.  Then, (6 mL X 5 grams) - 2.5 mL/gram =  27.5 mL of DDIW 
would be added to the reaction flask.  At this point for this extraction only, you will 
also add 0.2 grams granular tin chloride (SnCl2) per gram of sample. 

 
• Reactive Sulfide (SW-846).  NO DDIW ADDITION !! 
 
• Acid Volatile Sulfide (AVS).  Add 10 mL of DDIW per gram of sample minus the water 

content of the sample itself as described above. 
 

Once the DDIW has been added to the reaction flask, turn on the nitrogen supply to the 
individual reaction flasks and equalize the gas bubbling rate within each gas trapping 
bottle.  Check each ground glass joint with "Snoop" solution to verify the absence of 
leaks.  Close off the nitrogen inlet tube using a pinch clamp and allow the system to 
purge through the side arm of the acid addition funnel for at least 10 minutes. 

 
6.3.5.  Withdraw the Sample for Analysis.  While the system is purging, open the sample jar 

and gently homogenize to obtain a uniform consistency and incorporation of any 
overlying liquid.  Using the top loading balance, weigh out an aliquot of the homogenized 
sample onto a piece of tared parafilm (2 to 10 grams, 5 would be most appropriate but do 
not use less than 2 unless you are certain that sulfide levels are very high).  The aliquot 
weighed must be approximately equivalent to that used for any pH pre-determination 
analysis.  Record the sample weight to 0.01 grams on the Sulfide Distillation Log. 

 
Quickly transfer the parafilm and contained sample to the reaction flask using the outlet 
port.  Insure that all sample gets transferred and that no grit, sand or mud adheres to any 
portion of the ground glass joint or teflon sleeve.  It is important that no grit particles are 
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lodged within the joint as this will result in gas leaks and low recoveries.  A slight rinse 
with DDIW may be necessary to remove any joint contamination but this should be 
minimal and generally avoided. 
 
Close the system, install joint clamps and remove the pinch clamp from the nitrogen inlet 
tube.  Close the side arm of the acid addition funnel and allow the system to purge 
through the reaction flask for an additional 10 minutes.  Verify that the nitrogen inlet tube 
is below the surface of any liquid in the reaction flask.  Adjust the flow of nitrogen to 
achieve a comparable bubbling rate in all gas washing bottles  Again, you should check 
all ground glass joints with "Snoop" solution to verify the absence of leaks. 
 

6.3.6.  Timing and Temperature.  While the system is equilibrating prior to acid addition, turn 
on the magnetic stirrers and heating units as required.  All distillations should be 
constantly stirred at a rate that does not create an excessive vortex in the reaction flask.  
Temperature regimes and timing will vary as shown in the table below 

 
Distillation Temperature (ºC) Time (minutes) 

PSEP 90 60 
9030 A 70 90 

AVS RT 60 
Reactive RT 30 

 
Once the system has equilibrated to the proper temperature and you have confirmed the 
absence of leaks, open the acid addition funnel and begin timing the extraction according 
to the table above. 
 

6.3.7.  At the end of the extraction period, quantitatively transfer the zinc acetate trapping 
solution to a calibrated Folin tube and adjust the volume to exactly 50 mL.  Make sure 
you have entered the final trap volume on the distillation log.  The sample is now ready 
for analysis using either the titrimetric (6.4) or colorimetric (6.5) finish procedure. 

 
 
6.4.  Titrimetric Finish Analysis (Iodometric titration) 
This procedure is used for standardization of the stock sulfide solution and for samples which 
have a sulfide concentration greater than 1 mg/L.  Three basic steps are involved: 1) 
standardization of the sodium thiosulfate reducing agent against a potassium bi-iodate primary 
standard; 2) determination of the normality of the iodine solution; and 3) determination of the 
concentration of the sulfide stock solution. 
 
The iodometric method for the determination of hydrogen sulfide (H2S) is based upon the 
oxidation-reduction reactions that occur between sulfide and iodine in acid solution.  Sulfide 
becomes oxidized to sulfur while iodine (I2) becomes reduced to colorless iodide (I-).  A known 
amount of iodine is added to the test solution and allowed to react with sulfide, excess iodine 
remaining in solution is then titrated with sodium thiosulfate reducing agent using starch or 
Thyodine iodometric indicator for the end point.  Relevant reactions are: 

H2S  +  I2  ---------->  S  +  2I
-
  +  2H

+
 

 
I2   +   thiored  ----------> 2I

-
  +   thioox 

 
Knowing the equivalents of iodine originally added to the solution (mL iodine X normality of 
iodine) and the equivalents of reducing agent (mL thio X normality thio) required to reduce the 
remaining iodine after reaction with sulfide allows for the calculation of sulfide by difference 
according to the following equation. 
 

 mg S
=
/L   =   [(mL I2  X  N I2) - (mL thio  X  N thio)]  X  16,000  /  mL sample 
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6.4.1.  Have a blank Titrimetric Benchsheet (ARI Form 6047) ready to fill-out.  All raw data 

and notes should be hand written on this sheet as you proceed through the analysis.  
Set-up the digital burette in standardized thiosulfate; stir plate; pipettes and 125 mL 
Erlenmeyer titration flask. 

 
6.4.2.  Begin the analysis by standardizing the iodine solution as described in Section 3.2.6. 

or as follows: 
• Add 3 mL of iodine solution and 0.5 mL of 6N HCl to the titration flask and then add 

50 mL of DDIW. 
• Titrate with standardized thiosulfate to a straw yellow color and then add 1/2 scoop of 

thyodene indicator.  Continue titration to just remove the blue color. 
 

Record the volume of thio used and then repeat the determination 2 more times.  The 
benchsheet is set up to automatically run all necessary calculations. 

 
6.4.3.  Standardize the sodium sulfide standard as described in Section 3.2.7. or as follows: 

• Add 3 mL of iodine solution and 0.5 mL of 6N HCl to the titration flask. 
• Add 50 mL of DDIW and 1 mL of the well mixed sulfide standard. 
• Titrate with standardized thio as before. 
• Make 3 replicate determinations and record the numbers on the benchsheet.  Again, 

the benchsheet is setup to automatically run all necessary calculations. 
 

Prepare Calibration Verification and Distillation Check standards, as necessary, by 
entering the mL of stock standard added to a specified mL of DDIW water.  Use the 
appropriate cells of the benchsheet to enter these data.  Calculations are done 
automatically. 
 

6.4.4.  Analyze an initial undistilled, calibration verification standard and blank as prepared 
above.  If distillation is used, run the distillation blank and standard as prepared above.  
Add 3 mL of iodine and 0.5 mL of HCl to the titration flask.  Next add 50 mL of the blank 
or standard solution.  If the iodine color disappears, you must add additional iodine and 
record the total volume of iodine added.  Proceed with the titration as previously run.  
Record all data and notes on the benchsheet.   

 
6.4.5.  Proceed with the sample analysis by adding 3 mL of iodine and 0.5 mL of HCl to a 

clean titration flask.  Gently mix the sample to achieve a uniform distribution of precipitate 
and add 50 mL to the flask.  If a sample aliquot is diluted to 50 mL, you will enter the 
actual mL of sample used.  If the iodine color disappears, you must add additional iodine 
and record the total volume of iodine added.  Proceed with the titration as previously run.  
Record all data and notes on the benchsheet.  If a sample returns a value < 1mg/L, the 
colorimetric procedure should be used and the benchsheet will flag it as "Use colorimetric 
analysis".   

 
6.4.6.  If distillation is used to remove interference and/or concentrate the sulfide, enter the 

sample and distillation volumes (mL) in the appropriate boxes on the benchsheet, 
Sample concentration will appear in the column headed "Concentration if distilled" and is 
calculated as: 

 
(mg/L distillate  X  mL distillate)  /  mL sample distilled 

 
If distillation is not used, enter a zero in the "Distill Volume" column or leave it blank. 

 
6.4.7.  For each batch of samples or job number, process at least 1 duplicate and 1 spiked 

sample.  The format sections of the benchsheet may be copied and pasted into the 
desired location on the benchsheet.  Proceed as follows: 
• enter the sample ID, the "dup" and "ms" will be added automatically. 
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• enter the mL of sample titrated and, if distillation was used, the mL of sample 
distilled. 

• Spiking will be conducted using the Stock Sulfide standard.  Enter the mL of stock 
standard added, sample volume will be automatically assigned based upon your 
entries above.  Suggested spike levels are 0.2 mL of stock to 50 mL undistilled 
sample and 1 mL of stock to 100 mL of distilled sample.  In any event, the spike 
concentration should be in the range of 1 to 10 times the ambient background 
concentration. 

• RPD and % Recovery values will be calculated automatically.  If any value is less 
than 1 mg/L, an "na" flag will appear. 

 
6.4.8.  After every 10 samples, process a calibration blank and a check standard.  Finish 

every run with a final calibration blank and check standard.  Enter data into computer.  
Place a copy of the computed data reduction into every Job File run.   The original is 
placed in chronological sequence in the Methods file. 

 
 
6.5.  Spectrophotometric Finish Analysis (Methylene blue colorimetric) 
The method is based upon the reaction of sulfide present in a sample with N,N-dimethyl-p-
phenylenediamine and ferric chloride to form methylene blue.  The color associated with ferric 
chloride can be removed by addition of di-ammonium hydrogen phosphate.  Methylene blue color 
formation is directly proportional to the concentration of sulfide present in the sample.  Two 
benchsheet templates are available for data entry, ARI 6046 for aqueous samples and ARI 
6046S for solid phase samples.  All raw data and analysts notes should be hand written on these 
sheets as you proceed through the analysis. 
 

6.5.1.  Spectrophotometric Calibration.  Prior to the preparation of the standards for the 
calibration curve, you must standardize the thiosulfate, iodine and sodium sulfide stock 
solutions as outlined in sections 3.2.4, 3.2.6 and 3.2.7.  You will then prepare an 
intermediate standard, verify it's concentration and use it for preparation of the calibration 
standards. 

 
Prepare Calibration Verification and Distillation Check standards, as necessary, by 
entering the mL of stock standard added to a specified mL of DDIW water.  Use the 
appropriate cells of the benchsheet to enter these data.  Calculations are done 
automatically. 

 
Calibration is conducted using least squares linear regression of absorbance vs known 
concentration.  Intercept, slope and regression coefficient (r

2
) statistics will be computed 

automatically.  Sulfide concentration for a measured absorbance then is calculated as: 
 

mg/L  =  (absorbance - intercept)  /  slope 
 

6.5.1.1.  Use the graduated FOLIN tubes for the preparation of standards.  Add 25 mL of 
0.2 N zinc acetate to each tube for the standard series.  Fit each tube with a rubber 
stopper. 

 
6.5.1.2.  Add the designated volume (0 - 2.0 mL) of the intermediate sulfide standard to 

each tube using a calibrated pipette and injecting below the surface of the zinc 
acetate.  Dilute each tube to the 50 mL mark with 0.2 N zinc acetate and invert once 
to mix. 

 
6.5.1.3.  Obtain six, 14 mL capped plastic culture tubes. 

• To each tube, add 10 mL of each sulfide standard, 0.5 mL of the working amine 
solution and 2 drops of the ferric chloride solution.  Mix by inverting the tube only 
once. 

• After 3 minutes, add 2 mL of the di-ammonium phosphate solution 
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• Allow an additional 7 minutes for color formation (total 10 minute reaction time). 
 
6.5.1.4.  Set the spectrophotometer for sulfide analysis.  Samples are read in a 1 cm cell 

at a wavelength of 650 nm.  Parameters and approximate sulfide concentrations 
have been programmed into the spectrophotometer.  Begin by reading the blank and 
then sequentially higher concentrations.  Output from the spectrophotometer is only 
relative, you must enter the data into the computer in order to quantitate the data. 
and verify regression (regression coefficient > 0.99). 

 
6.5.2.  Sample Analysis.  Samples consist of either direct aqueous solutions or the zinc 

acetate trapping solution resulting from any distillation pre-treatment that may have been 
conducted.  Information from the distillation log (weights, volumes, percent solids, etc.) 
should be entered into the appropriate cells of the benchsheet. 
 
6.5.2.1.  If sulfide levels are suspected to be high (milky precipitate?), dilute the sample 

by adding 25 mL of the 0.2 N zinc acetate solution to a Folin tube, mix the sample 
and withdraw 10-20 mL.  Inject beneath the level of zinc acetate and then dilute to a 
final volume of 50 mL.  Make sure you record the dilution ratio (mL sample/50mL) in 
the appropriate cell of the benchsheet. 

 
6.5.2.2.  For solid phase samples and/or if distillation is used to remove interference or 
concentrate the sulfide, enter the sample weight (grams) or volume (mL) and distillation 
trap volumes (mL) in the appropriate boxes on the benchsheet. Sample concentration will 
appear in the column headed "Concentration if  
 
6.5.2.3.  Enter the absorbance value for each sample analyzed.  When data are entered 
into the computer, concentrations will be calculated as follows: 
 
All samples 

Regressed mg/L  =  (absorbance - intercept)  /  slope 
 

 
Aqueous Samples: 

If Regressed mg/L is less than the minimum concentration on the curve, the value 
will be reported as: 

Final Conc  =  “<” mg/Lminconc / dilution ratio 
otherwise, 

Final Conc  =  mg/Lregressed / dilution ratio 
 
If distillation is employed, 

Final Conc  =  “<” [(mg/Lminconc / dilution ratio) X mL trap volume] / mL sample 
or 

Final Conc  =  [(mg/Lregressed / dilution ratio) X mL trap volume] / mL sample 
 

 
Solid Phase samples 

If Regressed mg/L is less than the minimum concentration on the curve, the 
Corrected concentration value will be reported as: 
 

mg/LCorr  =  “<” mg/Lminconc / dilution ratio 
and 

mg/kg dry wt = “<” (mg/Lminconc x mL trap) / (grams X % solids) 
 
otherwise, 
 

mg/Lcorr  =  mg/Lregressed / dilution ratio 
and 

mg/kg dry wt = “<” (mg/Lcorr x mL trap) / (grams X % solids) 



640S Page 18of 24 Revision 2 
Sulfide  9/3/99 

 
Any sample absorbance which is greater than that for the highest standard on the curve 
will be flagged as being “offscale” and all such samples will be diluted to fit the range of 
the curve and then re-analyzed. 
 

 
6.5.2.4.  For each batch of samples or job number, process at least 1 duplicate and 1 

spiked sample.  The format sections of the benchsheet may be copied and pasted 
into the desired location on the benchsheet 

 
• Spiking will be conducted using the Stock Sulfide standard.  Enter the mL of stock 

standard added and the sample volume (mL) to which the standard was added.  For 
solids, weights will be automatically assigned based upon your entry for the sample. 

 
Suggested spike levels are 0.1 mL of stock to 50 mL sample.  This should yield a 
concentration in the range of 1 to 1.5 mg/L.  In any event, the spike concentration 
should be in the range of 1 to 10 times the ambient background concentration. 

 
• RPD and % Recovery values will be calculated automatically.  If any value is less 

than 1 mg/L, an "na" flag will appear. 
 
6.5.2.5.  After every 10 samples, process a calibration blank and a check standard.  

Finish every run with a final calibration blank and check standard.  Enter data into 
computer.  Place a copy of the computed data reduction into every Job File run.   The 
original is placed in chronological sequence in the Methods file. 
 

 
6.6.  Special Considerations for Reactive Sulfide 
 
Analysis is conducted directly on the 50 mL trap solution and will be for mg/L of sulfide in the trap 

solution.  Use the aqueous benchsheet for this analysis, diluting the solution as necessary to 
fit the range of the standard curve.  Reactivity calculations will be done in LIM's and the 
required inputs are:  grams of sample (10.00 g);  liters of extract (0.05 L);  and concentration 
of sulfide (mg/L).  The only sample QC requirements are for duplication (i.e. no requirement 
for matrix spikes). You must however run a method blank and Check Standard along with the 
samples. 

 
Calculations for Reactive Sulfide 

Calculate the Specific Rate of Release (R) as: 
 

R = [(mg/l sulfide) X (liters trapping solution)] / [(kg waste) X (1,800 seconds)]  
 

and 
 

Total releasable sulfide  = R  X  1,800   (action level = 500 mg/kg) 
 

 
7.0  Review 
7.1  Supervisor reviews Service Request, enters information into the Conventionals database and 

assigns sample to the analyst. 
 
7.2  Analyst verifies Service Request, reviews the SOP, obtains the appropriate benchsheets and 

proceeds with the analysis.  A handwritten benchsheet is generated and the data are then 
entered into the computer for data reduction. 

 
7.3  The final computer generated benchsheet, the handwritten copy, the distillation log, and the 

hardcopy output from the spectrophotometer are all placed into the job folder.  A copy of the 
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handwritten benchsheet and a copy of the final benchsheet are placed into the method folder 
in chronological sequence. 

 
7.4  The supervisor reviews the job folder for completeness of analysis (all requested parameters 

have been run) and sufficiency of Quality Control. 
 
7.5  Completed analysis package is given to the Data Section for QC evaluation and entry of data 

into LIMs (initial creation of worklist files). 
 
7.6  The analysis package and LIMs worklist files are then reviewed by the conventionals QA 

reviewer.  Worklists are distributed and final LIMs report printed.  All sulfide data is reviewed 
and QC data are entered onto control charts.  Control charts are for both calibration and 
distillation blanks and standards.  These are plotted as means ± 2 and 3 standard deviations 
for "warning" and "control" limits respectively. 

 
7.7  The final report is reviewed for accuracy and completeness and then signed by the 

Conventionals QA reviewer.  The report is then delivered to the Project Manager. 
 

 
8.0  QC Limits 

8.1.  Verification of the sulfide intermediate standard should be within 10 percent of its prepared 
value.  This standard is used for the preparation of the colorimetric standard curve so its 
concentration must be known exactly. 

 
8.2.  The regression coefficient for the standard curve must be greater than 0.99 and all 

standards on the curve must return regressed values within 10% of their known 
concentrations.  Curve standards not satisfying this criterion will be flagged with an "E" along 
with the regressed concentration. 

 
8.3.  The observed sample concentration must be within the range of the lowest and highest 

standards on the calibration curve. 
 
8.4.  The Calibration Verification Standards (ICV and each CCV) must return values within 10% 

of their known concentrations.  The benchsheet will flag out-of-control conditions with a "Cal 
Err" warning.  Otherwise, the % recovery will appear. 

 
8.5.  The distilled Laboratory Control Standards must return values within 15% of their known 

concentration if aqueous and 20% if soil.  The benchsheet will flag out-of-control condition 
with "Recovery Err" warning.  Otherwise, the % recovery will appear. 

 
8.6.  All blanks (calibration and distillation) are evaluated relative to the lowest standard on the 

standard curve.  The absorbance of the blank must be less than that for the lowest standard 
on the curve or a "Blk Err" message will appear. 

 
8.7.  Sample duplicates are evaluated relative to the observed concentrations.  If either 

concentration is reported as being less than the lowest point on the curve, The relative 
percent difference (RPD) is reported as being "NA".  For reportable concentrations, the 
calculation is: 

 
RPD = ABS |original - duplicate| / average of original and duplicate  X 100) 

 
with a control limit of 20%. 
 
Triplicate analysis is conducted upon request and/or if the duplicate RPD exceeds the above 
control limit.  If any of the values are reported as being less than the lowest point on the 
curve, the RSD (relative standard deviation) is reported as being "NA".  For reportable 
concentrations, the calculation is: 
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RSD  =  Standard deviation of observations / mean of observations X 100 

 
no control limits are used for the RSD. 
 

8.8.  Matrix spikes (MS) are evaluated with respect to observed concentrations.  If the 
concentration of the original sample is reported as being less than the lowest point on the 
curve, percent recovery is calculated as: 

 
% Recovery  =  MS mg/L  /  added mg/L 

 
If original concentration is reportable, percent recovery is calculated as: 
 

% Recovery  =  (MS mg/L - original mg/L) / added mg/L 
 
Pre-distillation spike recovery control limits are ±25%.   
 

 
9.0  Corrective Actions.  As a general rule, all corrective actions taken during the course of an 
analysis should be described on the analysts comment sheet (i.e. the green sheet).  It must be 
clearly evident to the data reviewer exactly how a sample was handled during analysis. 
 

9.1.  If the verified value of the sulfide intermediate standard returns a value outside the control 
limits (± 10%), a warning message will appear.  The intermediate standard will be 
immediately re-analyzed to confirm the outlying condition.  If re-analysis returns an 
acceptable value, the analysis will proceed.  If re-analysis confirms the outlying condition, a 
new intermediate sulfide standard should be prepared 

 
9.2.  If the regression coefficient for the standard curve is less than 0.99, a "Cal Err" message 

will appear and the analyst will have to evaluate each point on the curve and re-analyze any 
out-of-control standard (flagged with an "E").  If re-analysis indicates that the original 
absorbance was in error, the new absorbance will be substituted into the existing curve.  If re-
analysis confirms the out-of-control standard, a new standard will be prepared and the full 
curve will be re-analyzed.  If the only flagged standard is the lowest standard and all other 
standards on the curve are acceptable, the curve will be accepted as originally read. 

 
9.3.  During sample analysis, any sample absorbance greater than the highest standard curve 

absorbance will be flagged "offscale, dilute" to notify the analyst that dilution is required.  
Dilute all such samples with DDIW and re-analyze.  Any sample having an absorbance that 
yields a concentration lower than that for the lowest standard on the curve will be reported as 
less than ("<") the value of that lowest standard corrected for any dilution involved. 

 
9.5.  If the initial calibration verification standard (ICV) and blank (ICB) are not within control 

limits, the analysis will stop.  The analyst will immediately re-analyze the out-of-control 
sample to confirm the original observation.  If re-analysis returns an acceptable result, 
analysis will proceed.  If re-analysis confirms the out-of-control condition the analyst must 
evaluate the source of the problem.  New solutions (calibration standards and CVS) will be 
prepared and the calibration/verification repeated.  Do not proceed with sample analysis until 
calibration has been confirmed. 

 
9.6.  If either the distilled LCSW or LCSS returns a value outside the control limits a "Rec Err" 

message will appear.  Otherwise, the % recovery will appear.  If the distilled standards are 
not within control limits, the analyst will first re-analyze the LCS sample distillate to confirm 
the out lying value.  If confirmed, the error is most likely due to recovery from the distillation 
process (you should have just confirmed that the calibration was OK!).  In this case, all 
samples associated with that distillation batch are suspect.  The analyst should notify the 
supervisor of the recovery error and allow the supervisor to determine whether the entire 
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batch should be re-distilled.  If insufficient sample remains for repeat of the distillation, all 
samples associated with that distillation should be flagged with a warning regarding possible 
recovery error. 

 
9.7.  If any of the continuing calibration standards or blanks returns an out-of-control value the 

analysis will be immediately stopped and the problem identified.  The analyst should first re-
analyze the standard to confirm it's outlying value.  If confirmed, the analyst must re-calibrate, 
verify the calibration with the CCV and re-analyze all samples preceding the out-of-control 
condition and after the last in-control condition.  Samples must be bracketed by in-control 
calibration standards and blanks. 

 
9.8.  For replicate analysis, if the RPD for duplicate determinations is greater than 20%, the 

analyst should re-analyze both samples to confirm the initial values.  If either concentration is 
less than 5X the detection limit, then the absolute difference between the two should be less 
than or equal to the detection limit.  If the out-of-control values are confirmed, consult the 
supervisor and process one additional replicate, as necessary.  Report the results for 
triplicates along with the relative standard deviation (RSD) and note on the analyst’s 
comment sheet triplicates were run due to the out-lying RPD. 

 
9.9.  If the matrix spike returns a value less than the ambient sample concentration, a new 

matrix spike should be prepared, distilled and analyzed at a level of 1 to 10 times the ambient 
concentration.  If the matrix spike returns an out-of-control value, the analyst should first re-
analyze the distillates to confirm the values.  If the out-of-control values are confirmed, 
consult the supervisor and process an additional spike, as necessary.  Report the results for 
both spikes along with the percent recovery and note on the analyst’s comments sheet that 
additional spikes were run due to an initial outlying recovery. 

 
 
10.0  Miscellaneous Notes and Precautions 
 
 
11.0  Method References 

Standard Methods for the Examination of Water and Wastewater.  19th ed.  1995.   Method 
Number 4500-S2- Sulfide. 

 
Methods for the Chemical Analysis of Water and Wastes.  Method Number 376.1.  Titrimetric, 

Iodine.  EPA 600 /4-79-020  rev. March 1983. 
 
Methods for the Chemical Analysis of Water and Wastes.  Method Number 376.2.  

Colorimetric, Methylene Blue.  EPA 600 /4-79-020  rev. March 1983. 
 
Test Methods for Evaluating Solid Waste.  EPA SW-846.  Method 9030A Acid-soluble and 

acid-insoluble sulfides.  Section 7.3.4, Reactive Sulfide 
 
Allen et al.  1991.  Determination of Acid Volatile Sulfides and Simultaneously Extractable 

Metals in Sediment.  EPA. Office of Science and Technology.  August 1991. 
 
 
12.0  Appendices 
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SULFIDE BENCHSHEET  (TITRATION) DATE: 
EPA 376.1 ANALYST: 
CalibrationData
1.  Standardization of sodium thiosulfate titrant 2.  Normality of Iodine Soln
Stock bi-iodate = 0.8124 grams to 1000 0.025 Normal VOLUME IODINE Thiosulfate Normality
Titration of bi-iodate with thiosulfate NORMALITY (mL) (mL) (mL) IODINE

mL bi-iodate = 20 20 20 Thiosulfate 50 3 2.98 0.025
mL thiosulfate = 20 18 21 0.025 50 3 3.02 0.026

50 3 3.01 0.026
Normality Iodine = 0.025

3.  Standardization  (Sulfide Stock Solution) 4. Verification Standard
VOLUME IODINE Thiosulfate SULFIDE Add 0.2 mL of Stock to

g Na2S*9H2O 0.5243 (mL) (mL) (mL) (mg S/mL) 50 mL DI water
mg/ mL = 0.700 1 3 1.35 0.67 CV = 2.7 mg/L sulfide

1 3 1.35 0.67 5.  Distillation Standard
1 3 1.32 0.68 Add 2.0 mL of Stock to

Stock Conc= 0.68 100 mL DI water
Dist Chk = 13.5 mg/L sulfide

SAMPLE DATA
Calculation:  mg/L = [((mL I X N I) - (mL thio X N thio)) X 16,000] / mL sample

DISTILL  DATA TITRATION  DATA
Sample Trap Sample IODINE Thiosulfate CONC Concentration

SAMPLE  ID Volume Volume Volume ADDED TITRANT If distilled
(mL) (mL) (mL) (mL) (mL) (mg S/L) (mg S/L)

ICB 0.0 50.0 3.0 3.00 0.0  
ICV 0.0 50.0 3.0 2.65 2.9  106.21%
Dist Blank 100.0 100 50.0 3.0 3.03 -0.2 -0.2
Dist Check 100.0 100 50.0 3.0 1.40 13.0 13.0 96.39%

50.0 3.0 2.90 0.8  use colorimetric analysis
   
   
   
   
   
   
   
   
   

CCB 0.0 50.0 3.0 3.00 0.0  
CCV 0.0 50.0 3.0 2.65 2.9  106.21%

  
Format for matrix spikes, undistilled
Original 0.0 50.0 3.0 2.60 3.3   

Original dup 0.0 50.0 3.0 2.60 3.3  RPD = 0.0%
Original ms 0.0 50.0 3.0 2.30 5.7  %Rec = 90.5%

Spike = 0.2 mL stk to 50.00 mL sample = 2.7 mg/L
Format for matrix spikes, distilled
Original 100.0 100 50.0 3.0 2.82 1.5 1.5  

Original dup 100.0 100 50.0 3.0 2.80 1.7 1.7 RPD = 10.3%
Original ms 100.0 100 50.0 3.0 2.10 7.3 7.3 %Rec = 86.6%

Spike = 1.0 mL stk to 100.00 mL sample = 6.8 mg/L

APPROX CONC IN 100mL
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SULFIDE BENCHSHEET  (Spectrophotometric, EPA 376.2) DATE:
Aqueous Samples ANALYST: 
Sample Prep Notes:

1.  Standardization of sodium thiosulfate titrant
Stock bi-iodate = 0.8124 grams to Normality

1000 mL = 0.025 Normal ml bi-iodate = 20 20 20 Thiosulfate
ml thiosulfate = 20 0.025

3. Standardization of sodium sulfide stock
VOLUME IODINE thiosulfate Normal Approx conc in 100ml VOLUME IODINE thiosulfate SULFIDE

(mL) (mL) (mL) IODINE g Na2S 0.5198 (mL) (mL) (mL) (mg S/mL)
50 3 3.10 0.026 mg/ mL = 0.694 1 3 1.31 0.71
50 3 3.09 0.026 1 3 1.35 0.69
50 3 3.06 0.026 1 3 1.34 0.70

Normality Iodine = 0.026 Stock Conc = 0.700
4.  Intermediate Standard

Add 10 ml stk to 250 ml 0.01 M NaOH = 0.028 mg/mL
Verify intermediate standard by iodometric titration.  Use this intermediate to prepare calibration standards

VOLUME IODINE thiosulfate Sulfide
(mL) (mL) (mL) (mg/mL)

VERIFICATION 50 6 2.83 0.027 Acceptable Values should agree with
VERIFICATION 50 6 2.72 0.028 Acceptable calculated within 10%
5.0 Calibration Standard Curve

Volume FINAL CONC
Intermediate VOLUME

(ml) (ml) (mg S/L) 1 2 Avg REGRESSION DATA
0.00 50 0.000 0.001 0.001 intercept 0.010
0.10 50 0.056 0.033 0.033 E 0.046 slope 0.511
0.25 50 0.140 0.082 0.082 0.142 r^2= 0.9983
0.50 50 0.280 0.162 0.162 0.298 Comment: Calibration OK !
1.00 50 0.560 0.308 0.308 0.584
2.00 50 1.120 0.574 0.574 1.104

Calib Verif Std = 0.05 ml Stk to 50 ml ZnOAc = 0.700 mg/L
Distillation Std = 1 ml Stk to 100 = 7.000 mg/L

SAMPLE DATA
DISTILL  DATA SPECTROPHOTOMETRIC DATA SAMPLE DATA

Sample Distill DILUTE ABS BKG Regressed Final
SAMPLE  ID Volume Volume RATIO @ 650 nm ABS Conc Conc

(mL) (mg S/L) mg S/L
Cal Blk 50.0 n/a 1.00 0.001 -0.02 < 0.06  OK!
ICV 50.0 n/a 1.00 0.393 0.75 0.75  107.13%
Dist Blank 100.0 100 1.00 0.005 -0.01 < 0.06  OK!
Dist Chk 100.0 100 0.10 0.300 0.57 5.68  Err@81.1

50.0 1.00 0.063 0.10 0.10  
50.0 1.00 0.063 0.10 0.10  
50.0 1.00 0.005 -0.01 < 0.06  
50.0 1.00 0.020 0.02 < 0.06  
50.0 1.00 0.030 0.04 < 0.06  
50.0 1.00 0.200 0.37 0.37  
50.0 1.00 0.400 0.76 0.76  
50.0 1.00 0.500 0.96 0.96  
50.0 1.00 -0.02 < 0.06  

Cal Blk 50.0 n/a 1.00 0.001 -0.02 < 0.06  OK!
CCV 50.0 n/a 1.00 0.393 0.75 0.75  107.13%

Titration of bi-iodate with thiosulfate

2.  Normality of Iodine

ABSORBANCE @ 650 nm
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SULFIDE BENCHSHEET  (Spectrophotometric, EPA 376.2) DATE: 
Soils, sediments and solid phase samples ANALYST: 
Specify Extraction Procedure:

CALIBRATION DATA
1.  Standardization of sodium thiosulfate titrant
Stock bi-iodate = 0.8124 grams to Normality

1000 mL = 0.025 Normal mL bi-iodate = 20 20 20 Thiosulfate
mL thiosulfate = 20 0.025

2.  Normality of Iodine 3.  Standardization of Sodium Sulfide Stock
VOLUME IODINE Thiosulfate Normal VOLUME IODINE Thiosulfate SULFIDE

(mL) (mL) (mL) IODINE g Na2S 0.5284 (mL) (mL) (mL) (mg S/mL)
50 3 2.69 0.022 mg /mL = 0.705 1 3 1.10 0.63
50 3 2.66 0.022 S#185 1 3 1.08 0.64
50 3 2.66 0.022 1 3 1.10 0.63

Normality Iodine = 0.022 stock conc = 0.631
3.  Intermediate Standard

Add 10 mL stk to 250 mL 0.01M NaOH = 0.0252 mg/mL
Verify intermediate standard by iodometric titration.  Use this intermediate to prepare calibration standards

VOLUME IODINE Thiosulfate Sulfide
(mL) (mL) (mL) (mg/ml)

VERIFICATION 50 6 2.23 0.0249 Acceptable Values should agree with
VERIFICATION 50 6 2.24 0.0248 Acceptable calculated within 10%
4.  Calibration Standard Curve

Inter Std Final Calc
Volume Volume Conc Absorbance @650 nm AVG

(mL) (mL) (mg S/L) 1 2 ABS mg/L intercept = 0.005
0.00 50 0.000 0.000 0.000 -0.014 slope = 0.394
0.10 50 0.050 0.023 0.023 E 0.044 rsq = 0.9991
0.25 50 0.126 0.058 0.058 0.133 Comment: Calibration OK!
0.50 50 0.252 0.108 0.108 0.260
1.00 50 0.505 0.210 0.210 0.519
2.00 50 1.009 0.399 0.399 0.999

Calib Verif Std = 0.05 ml stk to 50 ml ZnOAc= 0.631 mg/l
Distillation Std = 1 ml stk to 100 = 6.31 mg/l

SAMPLE DATA

Distillation Data Spectrophotometric Data SAMPLE DATA
SAMPLE % TRAP DILUTE ABS regressed CORR

SAMPLE  ID SIZE Solids VOLUME RATIO @ 650 nm Conc CONC
(ml) (mg S/l) (mg S/L)

ICB na na 1.00 0.000 -0.014 < 0.05 OK
ICV na na 1.00 0.296 0.738 0.738 117%
Distilled samples (soil)
Dist Blk 100 1.00 0.007 0.004 < 0.05 OK
Dist Chk 100 0.10 0.250 0.621 6.208 98%

(grams) % Solids (ml) ABS (mg/l) mg S/L (mg/kg) dry wt
4.9642 86.46% 100 1.00 0.029 0.060 0.060 1.4  

100.00% 100 1.00     
100.00% 100 1.00     
100.00% 100 1.00     
100.00% 100 1.00     
100.00% 100 1.00     
100.00% 100 1.00     
100.00% 100 1.00     
100.00% 100 1.00     
100.00% 100 1.00     

    

CCB na na 1.00 0.001 -0.011 < 0.05 OK
CCV na na 1.00 0.294 0.733 0.733 116%

Approx conc in 100 mL

Titration of bi-iodate with thiosulfate

 
 





















































PSEP Gravel
Very 

Coarse 
Sand

Coarse 
Sand

Medium 
Sand Fine Sand Very Fine 

Sand
Coarse 

Silt
Medium 

Silt Fine Silt Very Fine 
Silt

Total 
Fines

Phi Size > -1  -1 to 0 0 to 1 1 to 2 2 to 3 3 to 4 4 to 5 5 to 6 6 to 7 7 to 8 8 to 9 9 to 10 < 10 <4

Sieve Size 
(microns)

> #10    
(2000)

10 to 18    
(2000-1000)

18-35    
(1000-500)

35-60       
(500-250)

60-120      
(250-125)

120-230     
(125-62) 62.5-31.0 31.0-15.6 15.6-7.8 7.8-3.9 3.9-2.0 2.0-1.0 <1.0 <230       

(<62)

ASTM % Coarse 
Sand

% Very 
Coarse 

Silt

% Coarse 
Silt

% Medium 
Silt

% Fine    
Silt

% Fine 
Silt

% Very 
Fine Silt % Clay

Particle 
Size 

(microns)
3-2" 2-1" 1-3/4" 3/4-1/2" 1/2-3/8" 3/8"-4750 4750-2000 2000-850 850-425 425-250 250-150 150-75 75-32 32-22 22-13 13-9 9-7 7-3.2 <3.2

Clay

%Coarse Gravel % Gravel % Medium Sand % Fine    Sand
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INTRODUCTION 

 
Site Overview 

See Section 1 of the Quality Assurance Project Plan (QAPP). 
 
 
 
Site Description, History & Background   

 

See Field Sampling Plan (FSP). 
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QAPP Worksheet #2 (UFP-QAPP Manual Section 2.2.4) -- QAPP Identifying 
Information 
 
Site Number/Code: 
Operable Unit: 
Contractor Name:  
Contractor Number: 
Contract Title: 
Work Assignment Number:  
 
1.  Identify guidance used to prepare QAPP:  
Uniform Federal Policy for Quality Assurance Project Plans (UFP-QAPP) Manual.__ _ _  
EPA QA/R-5__________________________________________________  _ 
 
2.  Identify regulatory program:  _CERCLA______ ______ 
 _____________________________   

 
3.  Identify approval entity:    __EPA Region 2___________________ _ 
  
4.  Indicate whether the QAPP is a generic or a project-specific QAPP.  (circle one) 
 
5.  List dates of scoping sessions that were held: 
_____ ___October 2007______________________________________________  

General scoping sessions:   
 
6.  List dates and titles of QAPP documents written for previous site work, if applicable: 
 
     Title         Received Date     
Not applicable   
   
   

 
7.   List organizational partners (stakeholders) and connection with lead organization:   
Federal Aviation Administration, U.S. Army Corps of Engineers, New England District (CENAE), 
New Jersey Department of Environmental Protection, ACMUA (Atlantic City Municipal  
Utilities Association), Pine Lands Commission, Fish and Wildlife, U.S. Department of Agriculture  
(United States Department of Agriculture)   
 
8. List data users:  
___Same as above in Number 7.__________________________________ __ 
  
9. If any required QAPP elements and required information are not applicable to the 

project, then circle the omitted QAPP elements and required information on the 
attached table.  Provide an explanation for their exclusion below: 

 
Worksheets: 
1, 3 and 4: Refer to Work Plan (WP) and FSP. 
5 through 8: Refer to Figure 2-1 of the FSP.  
9 through 10: Refer to Section 2 of the FSP.  
11: Refer to Section 2.2 of the FSP.  
14: Refer to Section 3, 4, 5, 8, 9, and 10 of the FSP 
15: Refer to Table 3-1 of the FSP. 
16: Refer to Section 2 and Table 2-2 of the WP. 
17 through 18 Refer to Section 3 of the FSP. 
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19: Refer to Table 5-1 and Table 5-1A of the QAPP. 
20: Refer to Table 2-1 of the FSP 
27: See Worksheet 26 and Section 5 of FSP 
30: Refer to Section 6 of QAPP; Table 2-1 of FSP; Worksheet 12 
31 & 32: No internal/external audits are planned.
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Bold QAPP elements and required information that are not applicable to the project.  
Provide an explanation in the QAPP. 

 

 
Required QAPP Element(s) 
and Corresponding QAPP 

Section(s) 

Crosswalk 
to Required 
Documents 

 
Optional 

QAPP 
Worksheet # 

in QAPP 
Workbook 

 
Required Information 

 
Project Management and Objectives 

 
2.1         Title and Approval Page  

 
1 

 
- Title and Approval Page 

 
2.2         Document Format and 

Table of Contents 
2.2.1      Document Control Format 
2.2.2      Document Control     
              Numbering System 
2.2.3      Table of Contents 
2.2.4      QAPP Identifying  
             Information 

 

 
 

2 

 
- Table of Contents 
- QAPP Identifying Information 
 

 
2.3         Distribution List and 

Project Personnel  
Sign-Off Sheet 

2.3.1      Distribution List 
2.3.2      Project Personnel  

Sign-Off Sheet 

 

 
3 
4 

 
- Distribution List 
-   Project Personnel Sign-Off   
    Sheet 

 
2.4         Project Organization 
2.4.1      Project Organizational  

Chart 
2.4.2      Communication Pathways 
2.4.3      Personnel Responsibilities 

and Qualifications 
2.4.4      Special Training  

 Requirements and 
Certification 

 

 
5 
6 
7 
 

8 
 
 

 
- Project Organizational 

Chart 
- Communication Pathways 
- Personnel Responsibilities 

and Qualifications Table 
- Special Personnel Training 

Requirements Table 

 
2.5         Project Planning/Problem 

Definition 
2.5.1      Project Planning (Scoping) 
2.5.2      Problem Definition, Site 

History, and Background 
    

 

 
 

9 
 

10 
 
 

 
- Project Planning Session  

Documentation (including 
Data Needs tables) 

- Project Scoping Session  
Participants Sheet 

- Problem Definition, Site 
History, and Background 

- Site Maps (historical and 
present) 

 
2.6        Project Quality Objectives 

and Measurement 
Performance Criteria 

2.6.1     Development of Project 
Quality Objectives Using 
the Systematic Planning 
Process 

2.6.2     Measurement Performance 
Criteria 

 

 
11 

 
12 

 
- Site-Specific PQOs 
 

- Measurement Performance 
Criteria Table 
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Required QAPP Element(s) 
and Corresponding QAPP 

Section(s) 

Crosswalk 
to 

Required 
Documents 

 
Optional 

QAPP 
Worksheet # 

in QAPP 
Workbook 

 
Required Information 

2.7        Secondary Data  
             Evaluation 

 

13  
-   Sources of Secondary 

Data and Information 
-   Secondary Data Criteria 

and Limitations Table  
 
2.8        Project Overview and  
             Schedule 
2.8.1     Project Overview 
2.8.2     Project Schedule  

 
14 
15 

 
16 

 
-   Summary of Project Tasks 
- Reference Limits and 

Evaluation Table 
- Project Schedule/Timeline 

Table 
 

 
Measurement/Data Acquisition 

 
3.1        Sampling Tasks 
3.1.1     Sampling Process   
             Design and Rationale 
3.1.2     Sampling Procedures  
             and Requirements 
3.1.2.1  Sampling Collection  
             Procedures 
3.1.2.2  Sample Containers,  
             Volume, and Preservation 
3.1.2.3  Equipment/Sample  
             Containers Cleaning and 
             Decontamination  
             Procedures 
3.1.2.4  Field Equipment 
             Calibration, Maintenance,  
             Testing, and Inspection  
             Procedures 
3.1.2.5  Supply Inspection and  
             Acceptance Procedures 
3.1.2.6  Field Documentation  
             Procedures 

 

 
17 

 
18 

 
19 

 
20 

 
 

21 
 

22 
 
 

 
- Sampling Design and 

Rationale 
- Sample Location Map 
- Sampling Locations and  

Methods/SOP 
Requirements Table 

- Analytical Methods/SOP 
Requirements Table 

- Field Quality Control 
Sample Summary Table 

- Sampling SOPs 
- Project Sampling SOP 

References Table 
- Field Equipment Calibration, 

Maintenance, Testing, and 
Inspection Table 

 
3.2       Analytical Tasks 
3.2.1     Analytical SOPs 
3.2.2     Analytical Instrument  
             Calibration Procedures 
3.2.3     Analytical Instrument and 
             Equipment Maintenance,  
             Testing, and Inspection  
             Procedures 
3.2.4     Analytical Supply  
             Inspection and  
             Acceptance Procedures 

 

 
 

23 
24 

 
25 

 
- Analytical SOPs 
- Analytical SOP References 

Table 
- Analytical Instrument 

Calibration Table 
- Analytical Instrument and 

Equipment Maintenance, 
Testing, and Inspection 
Table 
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Required QAPP Element(s) 
and Corresponding QAPP 

Section(s) 

Crosswalk 
to Required 
Documents 

 
Optional 

QAPP 
Worksheet # 

in QAPP 
Workbook 

 
Required Information 

 
3.3       Sample Collection 

   Documentation,  
   Handling, Tracking, and  
   Custody Procedures 

3.3.1    Sample Collection  
              Documentation 
3.3.2      Sample Handling and  
              Tracking System 
3.3.3    Sample Custody 

 

 
26 

 
- Sample Collection 

Documentation Handling, 
Tracking, and Custody 
SOPs 

- Sample Container 
Identification 

- Sample Handling Flow 
Diagram 

- Example Chain-of-Custody 
Form and Seal 

 
3.4       Quality Control Samples 
3.4.1      Sampling Quality Control  
              Samples 
3.4.2      Analytical Quality Control  
              Samples 

 

 
27 

 
- QC Samples Table 
- Screening/Confirmatory 

Analysis Decision Tree 

 
3.5        Data Management Tasks 
3.5.1     Project Documentation  
               and Records 
3.5.2     Data Package  
               Deliverables 
3.5.3       Data Reporting Formats 
3.5.4     Data Handling and  
               Management 
3.5.5     Data Tracking and  
               Control 

 

 

 
28 

 
29 

 
- Project Documents and 

Records Table 
- Analytical Services Table 
- Data Management SOPs 
 

 
Assessment/Oversight 

 
4.1         Assessments and  

     Response Actions 
4.1.1      Planned Assessments 
4.1.2      Assessment Findings 
               and Corrective Action  
               Responses 

 

 
 

30 
 

31 
32 

 
- Assessments and Response 

Actions 
- Planned Project 

Assessments Table 
- Audit Checklists 
-   Assessment Findings and 

Corrective Action 
Responses Table 

 
 
4.2         QA Management  

     Reports  
 

33 
 
- QA Management Reports 

Table 
 
4.3           Final Project Report  
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Required QAPP 
Element(s) and 
Corresponding 

QAPP Section(s) 

Crosswalk to 
Required 

Documents 

 
Optional QAPP 
Worksheet # in 

QAPP Workbook 

 
Required 

Information 
 

Data Review 
 
5.1          Overview  

 
 

 
 

 
5.2          Data Review Steps 
52.1        Step I: Verification 
5.2.2       Step II: Validation 
5.2.2.1    Step IIa Validation  

 Activities 
5.2.2.2    Step IIb Validation    

 Activities 
5.2.3       Step III: Usability  
               Assessment 
5.2.3.1    Data Limitations and  

 Actions from                       
 Usability Assessment  

5.2.3.2    Activities 

 

34 
 

35 
 

36 
37 

 
- Verification (Step I) Process 

Table 
- Validation (Steps IIa and 

IIb) Process Table 
- Validation (Steps IIa and 

IIb) Summary Table 
-   Usability Assessment 

 
5.3          Streamlining Data  

 Review 
5.3.1       Data Review Steps To  
               Be Streamlined 
5.3.2       Criteria for Streamlining  

  Data Review 
5.3.3        Amounts and Types of  

  Data Appropriate for  
  Streamlining 
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QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table 

Matrix Soil/Sediment   
 

 
 

 
 

Analytical 
Group1 

Total Mercury  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 

Analytical 
Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 1631, Appendix Contamination Each ≤ 40 pg; Avg ≤ 20 pg; Std 
Dev ≤ 7.5 pg 

Calibration Blanks / Bubbler 
Blank 

A 

 1631, Appendix Calibration RSD of response factors ≤ 15%; 

Rec. of Low Std = 80 – 120% 

Calibration Standards A 

 1631, Appendix Accuracy Recovery = 85 – 115% Independent Calibration 
Verification (ICV) Standard 

A 

 1631, Appendix Accuracy Recovery = 77 – 123% Continuing Calibration 
Verification (CCV) Standard 

A 

 1631, Appendix Contamination ≤ 40 pg; within ± 20 pg of avg 
bubbler blank 

Carryover Check Bubbler 
Blank 

A 

 1631, Appendix Contamination Avg ≤ 2x MDL; Std Dev < 2/3rd 
MDL or highest MB < 0.1x  the 
lowest reported result 

Method Blanks A 

 1631, Appendix Accuracy Recovery = 75 – 125% Certified Reference Material 
(CRM) 

A 

 1631, Appendix Accuracy and Precision Recovery = 70 – 130%; RPD ≤ 
30% 

Matrix Spike/Matrix Spike 
Duplicate (MS/MSD) 

A 

 1631, Appendix Precision RPD ≤ 30% or ± 2x MRL if 
sample < 5x MRL 

Method Duplicate (MD) A 
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QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  
 

Matrix Soil/Sediment   
 

 
 

 
 

Analytical 
Group1 

Methyl Mercury  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 

Analytical 
Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 1630, Modified Contamination ≤ 2 pg Ethylation Blank A 

 1630, Modified Calibration RSD of response factors ≤ 15%; 

Rec. of Low Std = 65 – 135% 
Calibration Standards 

A 

 1630, Modified Accuracy ICV Rec. = 80-120% 

CCV Rec. = 67-133% 

ICV Standard 

CCV Standard 

A 

 1630, Modified Contamination ≤ 2 pg Carryover Check Ethylation 
Blank 

A 

 1630, Modified Contamination Avg ≤ 2 x MDL; Std Dev ≤ 2/3rd 
MDL or < 1/10th of associated 
samples 

Method Blank 
A 

 1630, Modified Accuracy Rec. = 65-135% CRM A 

 1630, Modified Accuracy and Precision Rec. = 65-135%; RPD ≤ 35% MS/MSD A 

 1630, Modified Precision RPD ≤ 35% or ± 2x MRL if 
sample < 5x MRL MD A 
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QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  

 
Matrix Aqueous   

 
 

 
 

 

Analytical 
Group1 

Total Mercury  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 

Analytical 
Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 1631 Contamination Each ≤ 40 pg; Avg ≤ 20 pg; Std 
Dev ≤ 7.5 pg 

Calibration Blanks / Bubbler 
Blank 

A 

 1631 Calibration RSD of response factors ≤ 15%; 

Rec. of Low Std = 80 – 120% 

Calibration Standards A 

 1631 Accuracy Recovery = 77 – 123% CCV Standards A 

 1631 Contamination ≤ 40 pg; within ± 20 pg of avg 
bubbler blank 

Carryover Check Bubbler 
Blank 

A 

 1631 Contamination Each MB ≤ 0.5 mg/L and Std 
Dev ≤ 2/3 the MDL or highest 
MB < 0.1x  the lowest reported 
result 

Method Blank A 

 1631 Accuracy Recovery = 85 – 115% ICV A 

 1631 Accuracy and Precision Recovery = 71 – 125%; RPD ≤ 
24% 

MS/MSD A 

 1631 Precision RPD ≤ 24%; if results < 5x the 
MRL, then ± the MRL of one 
another 

MD A 
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QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  
 

Matrix Aqueous   
 

 
 

 
 

Analytical 
Group1 

Methyl Mercury  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 

Analytical 
Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 1630 Contamination ≤ 2 pg Ethylation Blank A 

 1630 Calibration RSD of response factors ≤ 15%; 

Rec. of Low Std = 65 – 135% 

Calibration Standards A 

 1630 Accuracy ICV Rec. = 80-120% 

CCV Rec. = 67-133% 

ICV Standard 

CCV Standard 

A 

 1630 Contamination 

 

≤ 2 pg Carryover Check Ethylation 
Blank 

A 

 1630 Contamination 

 

Avg ≤ 0.045 mg/L; St Dev ≤ 
0.015 mg/L or < 1/10th of 
associated samples 

Method Blank A 

 1630 Accuracy Recovery = 67 – 133% Laboratory Fortified Blank 

(LFB) 

A 

 1630 Accuracy and Precision Recovery = 65 – 135%; RPD ≤ 
35% 

MS/MSD A 

 1630 Precision RPD ≤ 35% or ± MRL if sample     
< 5x MRL 

MD A 
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QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  

 
Matrix DGT   

 
 

 
 

 

Analytical 
Group1 

Total Mercury  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 

Analytical 
Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 1631, Appendix Contamination Each ≤ 40 pg; Avg ≤ 20 pg; Std 
Dev ≤ 7.5 pg 

Calibration Blanks / Bubbler 
Blank 

A 

 1631, Appendix Calibration RSD of response factors ≤ 15%; 

Rec. of Low Std = 80 – 120% 

Calibration Standards A 

 1631, Appendix Accuracy Recovery = 85 – 115% Independent Calibration 
Verification (ICV) Standard 

A 

 1631, Appendix Accuracy Recovery = 77 – 123% Continuing Calibration 
Verification (CCV) Standard 

A 

 1631, Appendix Contamination ≤ 40 pg; within ± 20 pg of avg 
bubbler blank 

Carryover Check Bubbler 
Blank 

A 

 1631, Appendix Contamination Avg ≤ 2x MDL; Std Dev < 2/3rd 
MDL or highest MB < 1/10th of 
associated samples 

Method Blanks A 

 1631, Appendix Accuracy Recovery = 75 – 125% LFB A 

 1631, Appendix Accuracy and Precision Recovery = 70 – 130%; RPD ≤ 
30% 

Post Prep. Spike/Post Prep. 
Spike Duplicate 
(PPS/PPSD) 

A 



Part 2 - Quality Assurance Project Plan     Sampling and Analysis Plan  
Mercury Contamination at Area U      Revision Number: 1 
Atlantic City Naval Air Station, Formerly Used Defense Site     Revision Date: 25 April 2008  
Egg Harbor Township, New Jersey 
 

Document Control Number: ACNAS06-040708-AABL Page 16 of 46 

 
QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  

 
Matrix DGT   

 
 

 
 

 

Analytical 
Group1 

Methyl Mercury  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 

Analytical 
Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 1630, Modified Contamination ≤ 2 pg Ethylation Blank A 

 1630, Modified Calibration RSD of response factors ≤ 15%; 

Rec. of Low Std = 65 – 135% 
Calibration Standards 

A 

 1630, Modified Accuracy ICV Rec. = 80-120% 

CCV Rec. = 67-133% 

ICV Standard 

CCV Standard 

A 

 1630, Modified Contamination ≤ 2 pg Carryover Check Ethylation 
Blank 

A 

 1630, Modified Contamination Avg ≤ 2 x MDL; Std Dev ≤ 2/3rd 
MDL or < 1/10th of associated 
samples 

Method Blank 
A 

 1630, Modified Accuracy Rec. = 65-135% LFB A 

 1630, Modified Accuracy and Precision Rec. = 65-135%; RPD ≤ 35% PPS/PPSD A 
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QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  

 
Matrix Soil/Sediment   

 
 

 
 

 

Analytical 
Group1 

Total Solids  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 

Analytical 
Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 160.3 Contamination Highest blank ≤ MDL or < 1/10th 
the lowest sample result 

Method Blanks A 

 160.3 Precision RPD ≤ 15% or ± MRL if sample     
< 5x MRL 

MD A 
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QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  
 

Matrix Soil    
 

 
 

 
 

Analytical 
Group1 

TOC  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 Analytical Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 9060/Lloyd Kahn Precision – Field RPD < 50% Field Duplicates S & A 

  Precision – Lab RSD < 25% (no corrective action – 
indication of sample characteristics) 

Lab Triplicates  A 

  Accuracy  and 
Precision - Lab 

Recovery 75-125% 

RPD < 20% 

LCS/LCSD A 

  Accuracy  Recovery 75-125% Std Reference Material A 

  Accuracy – Matrix Bias Recovery 75-125% (no corrective 
action – indication of sample 
characteristics) 

Matrix Spike A 

  Accuracy/Bias - 
Contamination 

No response > QL Prep/Method Blanks (empty 
combustion boat) 

A 

  Sensitivity MDL Study Laboratory Evaluation per 
40  CFR  

A 

  Completeness 90% lab analysis and sample 
collection 

Data completeness check S & A 

 



Part 2 - Quality Assurance Project Plan     Sampling and Analysis Plan  
Mercury Contamination at Area U      Revision Number: 1 
Atlantic City Naval Air Station, Formerly Used Defense Site     Revision Date: 25 April 2008  
Egg Harbor Township, New Jersey 
 

Document Control Number: ACNAS06-040708-AABL Page 19 of 46 

QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  
 

Matrix Soil    
 

 
 

 
 

Analytical 
Group1 

Total Sulfide  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 Analytical Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 SW846 9030 Precision – Field RPD < 50% Field Duplicates S & A 

  Precision – Lab RPD < 20% (no corrective action – 
indication of sample characteristics) 

Lab Duplicates  A 

  Accuracy and Precision 
- Lab 

Recovery 75-125% 

RPD < 20% 

LCS/LCSD A 

  Accuracy – Matrix Bias Recovery 75-125% (no corrective 
action – indication of sample 
characteristics) 

Matrix Spike A 

  Accuracy/Bias - 
Contamination 

No response > QL Prep/Method Blanks   A 

  Sensitivity MDL Study Laboratory Evaluation per 
40  CFR  

A 

  Completeness 90% lab analysis and sample 
collection 

Data completeness check S & A 
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QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  
 

Matrix Soil    
 

 
 

 
 

Analytical 
Group1 

Grainsize  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 Analytical Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 Plumb 1981 Precision – Field RPD < 50% Field Duplicates S & A 

  Precision – Lab RSD < 10% (within each weight 
fraction, NA for fractions less than 
5% of total sample weight) 

Lab Triplicate  A 

  Completeness 90% lab analysis and sample 
collection 

Data completeness check S & A 
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QAPP Worksheet #12  (UFP-QAPP Manual Section 2.6.2) -- Measurement Performance Criteria Table  
 

Matrix Water    
 

 
 

 
 

Analytical 
Group1 

Dissolved Sulfide  
 

 
 

 
 

 
 

Concentration 
Level 

Low  
 

 
 

 
 

 
 

Sampling 
Procedure2 Analytical Method/SOP3 

Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

 SM 4500-S2  Precision – Field RPD < 50% Field Duplicates S & A 

  Precision – Lab RPD < 20% (no corrective action – 
indication of sample characteristics) 

Lab Duplicates  A 

  Accuracy and Precision 
-Lab 

Recovery 75-125% 

RPD < 20% 

LCS/LCSD A 

  Accuracy – Matrix Bias Recovery 75-125% (no corrective 
action – indication of sample 
characteristics) 

Matrix Spike A 

  Accuracy/Bias - 
Contamination 

No response > QL Prep/Method Blanks   A 

  Sensitivity MDL Study Laboratory Evaluation per 
40  CFR  

A 

  Completeness 90% lab analysis and sample 
collection 

Data completeness check S & A 
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QAPP Worksheet #13 (UFP-QAPP Manual Section 2.7) -- Secondary Data Criteria and Limitations Table  
Identify all secondary data and information that will be used for the project and their originating sources.  Specify how the secondary 
data will be used and the limitations on their use.  Each project specific area must include any limitations on use of the data in the 
final report.  Data from each project specific area is accumulated in the final site report and the limits on data use must be 
presented. 
 

Secondary Data 

 
Data Source 

(originating organization, report    
title and date) 

Data Generator(s) 
(originating organization, data types, 

data generation / collection dates) 
How Data Will Be 

Used Limitations on Data Use 

Sediment Data-
SBAC 

 

 

 

 

 

 

Soil Data-SB-41 Area 

 

 

 

 

 

 

TRC Environmental 
Corporation, Draft Area –U 
Supplemental Remedial 
Investigation/Ecological 
Risk assessment Report  

 

 

 

 

TRC Environmental 
Corporation, Draft Area –U 
Supplemental Remedial 
Investigation/Ecological 
Risk assessment Report  

 

 

 

 

TRC Environmental, 
sediment (mercury) August 
and September 2004 

 

 

 

 

 

 

TRC Environmental, 
sediment (mercury) October 
2004 

 

 

 

 

 

Data will be utilized 
to identify areas at 
which additional 
investigation, 
specifically horizontal 
and vertical 
delineation of 
mercury within the 
SBAC. 

 

 

GPS data from 
sample locations will 
be utilized to outline 
source investigation 
area.  

 

 

 

Data will be utilized only to 
select delineation areas. 

 

 

 

 

 

 

None 
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QAPP Worksheet #20 (UFP-QAPP Manual Section 3.1.1) -- Field Quality Control Sample Summary Table 
Summarize by matrix, analytical group, and concentration level the number of field QC samples that will be collected and sent to the 
laboratory. 
  

 
Matrix 

 
Analytical 

Group 

 
Conc. 
Level 

 
Analytical 

and 
Preparation 

SOP 
Reference1 

 
No. of 

Sampling 
Locations2 

 
No. of Field 
Duplicate 

Pairs 
  

No. of MS 

 
No. of Field 

Blanks 

 
No. of 
Equip. 
Blanks 

 
No. of PT 
Samples 

 
Total No. of 
Samples to 

Lab 

Soil Mercury Low L-1 See Table 
2-1 of FSP 

1 per 10 
samples 1 per 20 NA 1 per 20 NA See Table 

2-1 of FSP 

Aqueous Mercury  Low L-2 See Table 
2-1 of FSP 

1 per 10 
samples 1 per 20 NA 1 per 20 NA See Table 

2-1 of FSP 

Soil Methyl 
Mercury Low L-3 See Table 

2-1 of FSP 
1 per 10 
samples 1 per 20 NA 1 per 20 NA See Table 

2-1 of FSP 

Aqueous Methyl 
Mercury Low L-3 See Table 

2-1 of FSP 
1 per 10 
samples 1 per 20 NA 1 per 20 NA See Table 

2-1 of FSP 

Aqueous DOC/TOC Low L-4 See Table 
2-1 of FSP NA NA NA NA NA See Table 

2-1 of FSP 

Soil TOC Low L-5 See Table 
2-1 of FSP NA NA NA NA NA See Table 

2-1 of FSP 

Soil Total Solids Low L-6 See Table 
2-1 of FSP NA NA NA NA NA See Table 

2-1 of FSP 

Soil  Sulfide Low L-7 See Table 
2-1 of FSP NA NA NA NA NA See Table 

2-1 of FSP 

Soil  Grain Size Low L-8 See Table 
2-1 of FSP NA NA NA NA NA See Table 

2-1 of FSP 
1Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23). 
2If samples will be collected at different depths at the same location, count each discrete sampling depth as a separate sampling location or station. 
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QAPP Worksheet #21 (UFP-QAPP Manual Section 3.1.2) -- Project Sampling SOP References Table 
List all SOPs associated with project sampling including, but not limited to, sample collection, sample preservation, equipment cleaning and 
decontamination, equipment testing, inspection and maintenance, supply inspection and acceptance, and sample handling and custody.  Include 
copies of the SOPs as attachments or reference all in the QAPP.  Sequentially number sampling SOP references in the Reference Number column. 
The reference number can be used throughout the QAPP to refer to a specific SOP.  
 

 
Reference 
Number 

 
Title, Revision Date and / or 

Number 

 
Originating 

Organization 
 

Equipment Type 

 
Modified for 

Project 
Work? 

(Y/N) 
 

Comments 

S-1 Surface Water Wet Chemistry SOP Weston YSI 556, LaMotte 
2020 Turbid meter N  

S-2 Surface Water Sampling SOP Weston  N  

S-3 A New Device for Collection of Interstitial 
Water from Wetland Sediments (8/3/06) 

Department of the 
Interior/U.S. Geological 
Survey 

 N  

S-4  Groundwater Sampling with the Use of a 
Well Point  

Site Remediation Program 
Rules and Regulations  N  

S-5 
Calibration/Operation of Orion Model 142 
Conductivity/Temperature/Salinity Meter 
(2/16/07) 

Weston 
Orion Model 142 
Conductivity/Salinity 
Meter 

N  

S-6 
Calibration/Operation/Maintenance of 
Orion Model 830 and 830A Dissolved 
Oxygen/ 

Weston Dissolved oxygen N  

S-7 Ludlum Model 19 Micro R Meter (low 
level gamma oxidation) Ludlum Measurements, Inc. Micro R Meter N  

S-8 Lumex Model RA 915 + Mercury Vapor 
Analyzer  Mercury Vapor 

Analyzer N  

S-9 Model 580 B Organic Vapor Meter (OVM) 
Instruction Manual 1-9-96  

Thermo Environmental 
Instruments OVM N  

S-10 Jerome 31X Mercury Vapor Analyzer 
USEPA Quick Study Guide Sept. 2004 US EPA MVA N  
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QAPP Worksheet #22 (UFP-QAPP Manual Section 3.1.2.4) -- Field Equipment Calibration, Maintenance, Testing, and 
Inspection Table 
Identify all field equipment and instruments (other than analytical instrumentation) that require calibration, maintenance, testing, or inspection 
and provide the SOP reference number for each type of equipment.  In addition, document the frequency of activity, acceptance criteria, and 
corrective action requirements on the worksheet. 
 

 
Field 

Equipment 

 
Calibration 

Activity 

 
Maint. 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 

 
Acceptance 

Criteria 

 
Corrective 

Action 

 
Resp. 

Person 

 
SOP 
Ref.1 

calibrate with 
three temperature 
equilibrated 
standards to 
bracket expected 
pH values 

   initial 
calibration: 
beginning of 
each day 
 
calibration 
check: end of 
each day, and in 
response to 
erratic readings 

initial calibration: 
+/- 0. 05 pH units 
 
calibration check: 
+/- 0.3 pH units 

Rinse the probes 
carefully, use fresh 
buffer, and reanalyze 
the standard. 
Recalibrate or service 
as necessary.  If still 
outside criteria, use 
backup instrument. If 
necessary, consult 
owner’s manual for 
repair instructions. If 
end of day calibration 
check is off, annotate 
previously obtained 
results. 

 Clean probe   if instrument 
gives unstable 
readings 

instrument meets 
calibration 
criteria (see 
worksheet #18) 

  QC Check  beginning and 
end of day 

instrument meets 
calibration 
criteria (see 
worksheet #18) 

pH probe 

   Visual 
Inspection beginning of 

day 
no obvious dirt or 
defective parts 
noted 

clean probe and/or 
replace; service other 
defective parts 

Field Team 
Leader (Task) 
or designee 

 
S-1 
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QAPP Worksheet #22 (UFP-QAPP Manual Section 3.1.2.4) -- Field Equipment Calibration, Maintenance, Testing, and 
Inspection Table 
 

 
Field 

Equipment 

 
Calibration 

Activity 

 
Maint. 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 

 
Acceptance 

Criteria 

 
Corrective 

Action 

 
Resp. 

Person 

 
SOP 
Ref.1 

calibrate with 
one standard 
close to the 
expected sample 
values 

   initial 
calibration: 
beginning of 
each day 
 
calibration 
check: end of 
each day, and in 
response to 
erratic readings 

initial calibration: 
+/- 20% of 
expected 
 
calibration check: 
+/- 20% of 
expected 

Rinse the probes 
carefully, use fresh 
solution, and reanalyze 
the standard. 
Recalibrate or service 
as necessary.  If still 
outside criteria, use 
backup instrument. If 
necessary, consult 
owner’s manual for 
repair instructions. If 
end of day calibration 
check is off, annotate 
previously obtained 
results. 

  QC check  beginning and 
end of day 

instrument meets 
calibration 
criteria (see 
worksheet #18) 

specific 
conductance 
probe 

   visual 
inspection 

beginning of 
day 

no obvious dirt or 
defective parts 
noted 

replace or service 

Field Team 
Leader (Task) 
or designee 

 
S-1 
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QAPP Worksheet #22 (UFP-QAPP Manual Section 3.1.2.4) -- Field Equipment Calibration, Maintenance, Testing, and 
Inspection Table 
 

 
Field 

Equipment 

 
Calibration 

Activity 

 
Maint. 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 

 
Acceptance 

Criteria 

 
Corrective 

Action 

 
Resp. 

Person 

 
SOP 
Ref.1 

calibrate with 
saturated DO 
standard and 0.0 
mg/l standard 

   initial 
calibration: 
beginning of 
each day 
 
calibration 
check: end of 
each day, and in 
response to 
erratic readings 

initial calibration: 
< 1.0 mg/L for 
0.0 mg/L 
standard; +/- 0.2 
mg/L for 
saturated solution 
 
calibration check: 
+/- 0.5 mg/L of 
saturated solution 

If DO reading exceeds 
criterion, then prepare 
new 0.0 mg/L 
standard, clean probe 
and/or change 
membrane. Recalibrate 
or service as 
necessary.  If end of 
day calibration check 
is off, use professional 
judgment in 
interpreting previously 
obtained results. 

 clean probe, 
change KCl 
solution, 
replace DO 
membrane 

  if instrument 
gives unstable 
readings 

NA 

  QC check  beginning and 
end of day 

instrument meets 
calibration 
criteria (see 
worksheet #18) 

dissolved 
oxygen probe 

   visual 
inspection 

beginning of 
day 

no tears on 
membrane; no 
defective parts 
noted 

clean probe and/or 
replace KCl solution; 
service and/or replace 

Field Team 
Leader (Task) 
or designee 

 
S-1 
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QAPP Worksheet #22 (UFP-QAPP Manual Section 3.1.2.4) -- Field Equipment Calibration, Maintenance, Testing, and 
Inspection Table 
 

 
Field 

Equipment 

 
Calibration 

Activity 

 
Maint. 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 

 
Acceptance 

Criteria 

 
Corrective 

Action 

 
Resp. 

Person 

 
SOP 
Ref.1 

calibrate with 
Zorbell solution 

   initial 
calibration: 
beginning of 
each day 
 
calibration 
check: end of 
each day, and in 
response to 
erratic readings 

initial calibration: 
+/- 10 mV of true 
value 
 
calibration check: 
+/- 10 mV of true 
value 

Recalibrate. If still 
outside criterion, use 
back-up instrument. If 
end of day calibration 
check is off, use 
professional judgment 
in interpreting 
previously obtained 
results. 

  QC check  beginning and 
end of day 

instrument meets 
calibration 
criteria (see 
worksheet #18) 

oxidation-
reduction 
potential (ORP) 
probe 

   visual 
inspection 

beginning of 
day 

no obvious dirt or 
defective parts 
noted 

recalibrate and/or 
replace 

Field Team 
Leader or 
designee 

 
S-1 

temperature 
probe 

 
calibrate against 
NIST- certified 
thermometer 

NA NA NA beginning of 
each day 

+/- 0.15° C of 
NIST-certified 
thermometer 

Clean probe or service 
as necessary and 
recalibrate. Replace 
probe if necessary. 

Field Team 
Leader or 
designee 

 
S-1 
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QAPP Worksheet #22 (UFP-QAPP Manual Section 3.1.2.4) -- Field Equipment Calibration, Maintenance, Testing, and 
Inspection Table 
 

 
Field 

Equipment 

 
Calibration 

Activity 

 
Maint. 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 

 
Acceptance 

Criteria 

 
Corrective 

Action 

 
Resp. 

Person 

 
SOP 
Ref.1 

standardize with 
a 10.00 NTU 
standard 

   initial 
calibration: 
beginning of 
each day 
 
calibration 
check: end of 
each day, and in 
response to 
erratic readings 

initial calibration: 
+/- 0.50 NTU of 
the 10.00 NTU 
standard 
 
calibration check: 
+/- 0.50 NTU of 
the 10.00 NTU 
standard 

Wipe standard 
container cell, check 
orientation, and 
reanalyze the standard.  
If still outside criteria, 
use backup instrument. 
If necessary, consult 
owner’s manual for 
repair instructions. If 
end of day calibration 
check is off, use 
professional judgment 
in interpreting 
previously obtained 
results. 

  QC check  beginning and 
end of day 

instrument meets 
calibration 
criteria (see 
worksheet #18) 

LaMotte 2020 
turbidimeter 

   visual 
inspection 

beginning of 
day 

no obvious dirt or 
defective parts 
noted 
 
 

replace or service 

Field Team 
Leader or 
designee 

 
S-1 

Lumex Model 
RA 915 + 
Mercury Vapor 
Analyzer 

Conducts 
automatic 
internal 
calibration at 
start. 

Change Dust 
filter/Change 
absorption 
filter 

Automatic 
testing 

Visual 
inspection 

beginning of 
day 

Deviation of 
calibration cell < 
25%  

Change dust filter and 
absorption filter it 
particulate matter is 
present during 
inspection.  If 
deviation of calibration 
cell is >25% send to 
manufacturer for 
factory recalibration. 

Field Team 
Leader or 
designee 

S-8 
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QAPP Worksheet #22 (UFP-QAPP Manual Section 3.1.2.4) -- Field Equipment Calibration, Maintenance, Testing, and 
Inspection Table 
 

 
Field 

Equipment 

 
Calibration 

Activity 

 
Maint. 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 

 
Acceptance 

Criteria 

 
Corrective 

Action 

 
Resp. 

Person 

 
SOP 
Ref.1 

Jerome 31X 
Mercury Vapor 
Analyzer 

Calibrate as 
required 

Change intake 
filter/Change 
internal 
filters/  

Calibration 
check at start-
up 

Visual 
inspection 

beginning of 
day 

If saturation bars 
appear at start-up 
unit requires 
calibration. 

Calibrate/ change dust 
filters as required 
based on inspection/ 
yearly manufactures 
service. 

Field Team 
Leader or 
designee 

S-10 

Ludlum Model 
19 Micro R 
Meter 

Manufacturer 
(once a year) 

Cleaning/chec
king batteries 

Operational 
Check 

Visual 
inspection 

beginning of 
day 

no obvious dirt or 
defective parts 
noted 
 

Clean with a damp 
cloth/ do not store with 
batteries in for greater 
than 30 days. 

Field Team 
Leader or 
designee 

S-7 

Model 580 B 
Organic Vapor 
Meter 

Calibrate with 
100 ppm 
isobutylene and 
zero air 

Cleaning lamp Calibration 
check 

 Twice Daily Calibration check 
+/- 10%  (100 
ppm) 

Recalibrate/ if 
calibration doesn’t 
work clean lamp 
recalibrate/repeat 

Field Team 
Leader or 
designee 

S-9 

1Specify the appropriate reference letter or number from the Project Sampling SOP References table (Worksheet #21). 
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QAPP Worksheet #23 (UFP-QAPP Manual Section 3.2.1) -- Analytical SOP References Table 
List all SOPs that will be used to perform on-site or off-site analysis.  Indicate whether the procedure produces screening or definitive 
data.  Sequentially number analytical SOP references in the Reference Number column.  Include copies of the SOPs as attachments 
or reference in the QAPP.  The reference number can be used throughout the QAPP to refer to a specific SOP. 

 

 
Reference 
Number 

 
Title, Revision 
Date, and / or 

Number 

 
Definitive or 
Screening 

Data 
 

Analytical Group 
 

Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for 

Project Work? 
(Y/N) 

L-1 

BRL Procedure for 
EPA Method 1631, 
Appendix: Total 
Mercury in Tissue, 
Sludge, Sediment, 
and Soil by Acid 
Digestion, BrCl 
oxidation, and Cold 
Vapor Atomic 
Fluorescence 
Spectrophoto-metry 
(CVAFS):BR-0002, 
Revision 0009, 
Revised 05/25/06 

Definitive Low Level Mercury CVAFS Brooks Rand 
Laboratory N 

L-2 

Brooks Rand 
Procedure for EPA 
Method 1631, 
Revision E:  
Mercury in Water by 
Oxidation, Purge 
and Trap, and Cold 
Vapor Atomic 
Fluorescence 
Spectrophoto-metry 
(CVAFS):BR-0006, 
Revision 004, 
Revised 08/31/07 

Definite Low Level Mercury CVAFS Brooks Rand 
Laboratory N 
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QAPP Worksheet #23 (UFP-QAPP Manual Section 3.2.1) -- Analytical SOP References Table 
 

 
Reference 
Number 

 
Title, Revision 
Date, and / or 

Number 

 
Definitive or 
Screening 

Data 
 

Analytical Group 
 

Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for 

Project Work? 
(Y/N) 

L-3 

BR-0011 
Determination of 
Methyl Mercury by 
Aqueous Phase 
Ethylation, 
Trapping 
Pre-Collection, 
Isothermal GC 
Separation, and 
CVAFS Detection: 
BRL Procedure for 
EPA Method 1630 
5/26/05 

Definitive Low Level Methyl 
Mercury CVAFS Brooks Rand N 

L-4 

Total Organic 
Carbon Aqueous 
Samples SOP 649S 
Revision 002 
(2/9/07) 

Definitive TOC 9060 Lloyd 
Kahn  ARI N 

L-5 

Total Organic 
Carbon Analysis of 
Soil and Sediment 
SOP 602S Revision 
009 (2/14/07) 

Definitive TOC 9060 Lloyd 
Kahn  ARI 

N 
 

L-6  

Solids 
Determination SOP 
639S Version 006; 
Revision Date: 
05/10/07 

Definitive EPA 160.3  ARI 
N 
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QAPP Worksheet #23 (UFP-QAPP Manual Section 3.2.1) -- Analytical SOP References Table 
 

 
Reference 
Number 

 
Title, Revision 
Date, and / or 

Number 

 
Definitive or 
Screening 

Data 
 

Analytical Group 
 

Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for 

Project Work? 
(Y/N) 

L-7  

SOP Sulfide SOP 
640S Revision 2; 
Revision Date 
9/3/99 

Definitive 9030M/SM4500S2D  ARI 
N 
 

L-8 

Particle Size 
Distribution- PSEP 
Method/SOP1115; 
Revision 9/25/05 

Definitive Plumb 1981 NA ARI 
N 
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QAPP Worksheet #24 (UFP-QAPP Manual Section 3.2.2) -- Analytical Instrument Calibration Table 
Identify all analytical instrumentation that requires calibration and provide the SOP reference number for each.  In addition, document 
the frequency, acceptance criteria, and corrective action requirements on the worksheet. 

 

 
Instrument 

 
Calibration 
Procedure 

 
Frequency of 
Calibration 

 
Acceptance 

Criteria 

 
Corrective 

Action (CA) 

 
Person 

Responsible 
for CA 

 
SOP 

Reference1 
CVAFS Manual 
System (mercury) 

Calibration 
Blanks 

1 per split bottle / 
bubbler used 
tested daily prior 
to analyzing 
calibration 
standards 

Each ≤ 40 pg 
Average ≤ 20 pg 
St. Dev. ≤ 7.5 pg 

Clean and test 
split bottles / 
bubblers until 
criteria met prior 
to any further 
analysis 

Analyst  

CVAFS Manual 
System (mercury) 

Calibration 
Standards 

5 non-zero 
standards 
analyzed daily 
(beginning of 
sequence) or 
when CCV fail 

RSD of response 
factors ≤ 15%; 
Recovery of low 
standard  
= 80 - 120% 

Reanalyze 
suspect standard 
with different 
bubbler/trap. If 
criteria still not 
met, then remake 
standards and 
recalibrate. 

Analyst  

CVAFS 
Automated 
System  
(methyl mercury) 

Calibration 
Blanks 

1 per trap used 
(3) tested daily 
prior to analyzing 
calibration 
standards 

Average ≤ MRL 
 

Clean/replace 
tubing as 
necessary. 
Remake 
ethylating reagent 
if necessary. 

Analyst  

CVAFS 
Automated 
System  
(methyl mercury) 

Calibration 
Standards 

5 non-zero 
standards 
analyzed daily 
(beginning of 
sequence) or 
when CCV fail 

RSD of response 
factors ≤ 15%; 
Recovery of low 
standard  
= 65 - 135% 

Reanalyze 
suspect standard 
with different trap. 
If criteria still not 
met, then remake 
standards and 
recalibrate. 

Analyst  

1Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23). 
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QAPP Worksheet #25 (UFP-QAPP Manual Section 3.2.3) -- Analytical Instrument and Equipment Maintenance, 
Testing, and Inspection Table 
Identify all analytical instrumentation that requires maintenance, testing, or inspection and provide the SOP reference number for 
each.  In addition, document the frequency, acceptance criteria, and corrective action requirements on the worksheet. 

  
 

Instrument /  
Equipment 

 
Maintenance 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 

 
Acceptance 

Criteria 

 
Corrective 

Action 

 
Responsible 

Person 

 
SOP 

Reference1 
CVAFS 
Manual 
System 
(mercury) 

Check fittings; 
prepare new 
soda lime 
traps; blank 
all traps 

Calibrate 
instrument 

Check 
fittings for 
tightness; 
analyze traps 
for excessive 
mercury 

Daily Fittings tight, 
achieve 
acceptable 
calibration 

Replace 
fittings, 
remake soda 
lime traps, 
re-blank or 
retire traps 

Analyst  

CVAFS 
Manual 
System 
(mercury) 

Soak 
bubblers with 
5% HCl 

Calibrate 
instrument 

Review 
calibration  

Weekly Achieve 
acceptable 
calibration 

Re-clean 
bubblers or 
replace as 
needed 

Analyst  

CVAFS 
Manual 
System 
(mercury) 

Replace 
instrument 
lamps 

Calibrate 
instrument 

Review 
calibration 

Semi-Annual Achieve 
acceptable 
calibration, 
Low noise 

Replace 
lamp again. 
If still fails 
then service 
the 
instrument 

Analyst  

CVAFS 
Manual 
System 
(mercury) 

Clean/change 
the quartz cell 

Calibrate 
instrument 

Review 
calibration 

Annual Achieve 
acceptable 
calibration 

Replace 
quartz cell. If 
still fails then 
service the 
instrument 

Analyst  

CVAFS 
Manual 
System 
(mercury) 

Replace gold 
sand traps 

Analyze 
CCV 
standard 

Review 
peaks for 
sharpness, 
good 
recoveries 

As needed Acceptable 
peak shape 
and recovery 
of the CCV 

Retire trap, 
test new 
ones 

Analyst  
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QAPP Worksheet #25 (UFP-QAPP Manual Section 3.2.3) -- Analytical Instrument and Equipment Maintenance, 
Testing, and Inspection Table 

 
 

Instrument /  
Equipment 

 
Maintenance 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 

 
Acceptance 

Criteria 

 
Corrective 

Action 

 
Responsible 

Person 

 
SOP 

Reference1 
CVAFS 
Automated 
System  
(methyl 
mercury) 

Check fittings; 
blank traps 

Calibrate 
instrument 

Check 
fittings for 
tightness; 
analyze traps 
for excessive 
MeHg 

Daily Fittings tight, 
achieve 
acceptable 
calibration 

Replace 
fittings,  
re-blank or 
replace traps 

Analyst  

CVAFS 
Automated 
System  
(methyl 
mercury) 

Condition the 
GC column 
by heating to 
180 ºC 
overnight. 

Calibrate 
instrument 

Review 
calibration 

Quarterly Achieve 
acceptable 
calibration 

Re-condition 
column or 
replace 
column if 
needed. If 
still fails then 
service the 
instrument 

Analyst  

CVAFS 
Automated 
System  
(methyl 
mercury) 

Replace lamp Calibrate 
instrument 

Review 
calibration 

Quarterly Achieve 
acceptable 
calibration, 
Low noise 

Replace 
lamp again. 
If still fails 
then service 
the 
instrument 

Analyst  

CVAFS 
Automated 
System  
(methyl 
mercury) 

Replace 
Tenax traps 

Analyze 
CCV 
standard 

Review 
peaks for 
sharpness, 
good 
recoveries 

As needed Acceptable 
peak shape 
and recovery 
of the CCV 

Retire trap, 
test new 
ones 

Analyst  
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QAPP Worksheet #25 (UFP-QAPP Manual Section 3.2.3) -- Analytical Instrument and Equipment Maintenance, 
Testing, and Inspection Table 

 
 

Instrument /  
Equipment 

 
Maintenance 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 

 
Acceptance 

Criteria 

 
Corrective 

Action 

 
Responsible 

Person 

 
SOP 

Reference1 
CVAFS 
Automated 
System  
(methyl 
mercury) 

Clean quartz 
cell; 
Replace GC 
column 

Calibrate 
instrument 

Review 
calibration 

Quarterly Achieve 
acceptable 
calibration 

Replace cell 
or column. If 
still fails then 
service the 
instrument 

Analyst  

1Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23). 

 
Note: For TOC, sulfide, and grain size-see specific SOPs.
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QAPP Worksheet #26 (UFP-QAPP Manual Appendix A) -- Sample Handling System 
Use this worksheet to identify components of the project-specific sample handling system. Record personnel, and their organizational 
affiliations, who are primarily responsible for ensuring proper handling, custody, and storage of field samples from the time of 
collection, to laboratory delivery, to final sample disposal.  Indicate the number of days field samples and their extracts/digestates will 
be archived prior to disposal.  

 
  
SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 
 
Sample Collection (Personnel/Organization): Weston Solutions 
 
Sample Packaging (Personnel/Organization):Weston Solutions 
 
Coordination of Shipment (Personnel/Organization): Weston Solutions 
 
Type of Shipment/Carrier: FEDEX 
 
SAMPLE RECEIPT AND ANALYSIS 
 
Sample Receipt (Personnel/Organization): Sample Control Group Lab Technicians (Group Leader: Nicole Mead)/Brooks Rand Lab 
 
Sample Custody and Storage (Personnel/Organization): Sample Control Group Technicians (Group Leader: Nicole Mead)/Brooks Rand Lab 
 
Sample Preparation (Personnel/Organization): Mercury Lab Analysts (Mercury Lab Manager: Annie Carter)/Brooks Rand Labs 
 
Sample Determinative Analysis (Personnel/Organization): Mercury Lab Analysts (Mercury Lab Manager: Annie Carter)/Brooks Rand Labs 
 
SAMPLE ARCHIVING 
 
Field Sample Storage (No. of days from sample collection): Approximately 3 months (2 months from reporting)/Brooks Rand Labs 
 
Sample Extract/Digestate Storage (No. of days from extraction/digestion): 1 week from analysis for methyl mercury; all others 2 months from 
analysis/Brooks Rand Labs 
 
Biological Sample Storage (No. of days from sample collection): N/A for Brooks Rand Labs 
 
SAMPLE DISPOSAL 
 
Personnel/Organization: Control Group Lab Technicians (Group Leader: Nicole Mead)/Brooks Rand Lab 
 
Number of Days from Analysis: Approximately 2 months (2 months from reporting)/Brooks Rand Labs 
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QAPP Worksheet #28 (UFP-QAPP Manual Section 3.4) -- QC Samples Table 
Complete a separate worksheet for each sampling technique, analytical method/SOP, matrix, analytical group, and concentration 
level.  If method/SOP QC acceptance limits exceed the measurement performance criteria, the data obtained may be unusable for 
making project decisions. 
  
 Matrix Soil/Aqueous 

 
 

 
 

 
 

 
 

 
 

 
 Analytical Group Mercury/Methyl 

Mercury 

 
 

 
 

 
 

 
 

 
 

 
 Concentration Level Low 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 Sampling SOP  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 Analytical Method /    
 SOP Reference 

L-1/L-2 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 Sampler’s Name TBD 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 Field Sampling   
 Organization 

Weston Solutions 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 Analytical   
 Organization 

Brooks Rand 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 Number of Sample   
 Locations 

See Table 2-1 of FSP
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
QC Sample 

 
Frequency / 

Number 

 
Method / SOP   

QC Acceptance 
Limits 

 
Corrective 

Action 

 
Person(s) 

Responsible for 
Corrective 

Action 

 
Data Quality 

Indicator (DQI) 

 
Measurement 

Performance Criteria 
 
Equip blank 
 1 per 20 samples See Worksheet 12 

Qualify Data Weston Data 
Reviewer Bias See worksheet 12 

 
MS (Lab QC) 
 1 per Batch See Worksheet 12 

Reanalyze/Note in 
Case 

Narrative/Qualify 
Data 

Analyst/Data 
Reviewer Accuracy See Worksheet 12 

 
Field Duplicate 
 1 per 20 samples See Sop L-1/L-2 

Qualify Data 
Data Reviewer Precision 

Soil RPD < 50% 
Aqueous RPD < 30% 

 
LFB (QL) 
 1 per Batch See Worksheet 12 

Reanalyze/Note in 
Case Narrative/ 

Qualify data 
Analyst/Data 

Reviewer Accuracy/Precision See Worksheet 12 
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QAPP Worksheet #28 (UFP-QAPP Manual Section 3.4) -- QC Samples Table 
Complete a separate worksheet for each sampling technique, analytical method/SOP, matrix, analytical group, and concentration 
level.  If method/SOP QC acceptance limits exceed the measurement performance criteria, the data obtained may be unusable for 
making project decisions. 

 
 
 Matrix Soil/Aqueous 

 
 

 
 

 
 

 
 

 
 

 
 Analytical Group TOC/Sulfides/Grain 

Size 

 
 

 
 

 
 

 
 

 
 

 
 Concentration Level Low 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 Sampling SOP  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 Analytical Method /    
 SOP Reference 

L-3 through L-8 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 Sampler’s Name TBD 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 Field Sampling   
 Organization 

Weston Solutions 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 Analytical   
 Organization 

ARI 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 Number of Sample   
 Locations 

See Table 2-1 of FSP
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
QC Sample 

 
Frequency / 

Number 

 
Method / SOP   

QC Acceptance 
Limits 

 
Corrective 

Action 

 
Person(s) 

Responsible for 
Corrective 

Action 

 
Data Quality 

Indicator (DQI) 

 
Measurement 

Performance Criteria 
 
Equip blank 
 NA  

 
   

 
MS (Lab QC) 
  1 per Batch See Worksheet 12 

 
   

 
Field Duplicate 
 NA  

 
   

 
LFB (QL) 
 1 per Batch See Worksheet 12 
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QAPP Worksheet #29 (UFP-QAPP Manual Section 3.5.1) -- Project Documents and Records Table 
Identify the documents and records that will be generated for all aspects of the project including, but not limited to, sample collection 
and field measurement, on-site and off-site analysis, and data assessment. 

 
 

Sample Collection 
Documents and 

Records 

 
On-Site Analysis 
Documents and 

Records 

 
Off-Site Analysis 
Documents and 

Records 

 
Data Assessment 
Documents and 

Records 
 

Project Documents 
Logbooks Equipment Calibration Logs Sample Receipt, Custody and 

Tracking Records 
Data Validation and Usability 
Reports 

Sampling and Analysis Plan 

Chains of Custody Telephone Logs Standard Traceability Logs Corrective Action Forms Project Billing Records 
Airbills  Equipment Calibration Logs Telephone Logs Data Evaluation Report 

Telephone Logs  Sample Preparation Logs Envirodata Database and output Site Specific Health & Safety 
Plan 

Site Health and Safety Logs  
 

Run Logs   
 

Electronic Data Collection Files  
 

Equipment Maintenance, 
Testing, and Inspection Logs 

  
 

  Corrective Action Forms   
  Reported Field Sample Results   
  Reported Results for Standards, 

QC Checks, and QC Samples 
  

  Data Package Completeness 
Checklists 

  

  Method QC Checklists   
  Sample Disposal Records   
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QAPP Worksheet #33 (UFP QAPP Manual Section 4.2) -- QA Management Reports Table  
Identify the frequency and type of planned QA Management Reports, the project delivery dates, the personnel responsible for report 
preparation, and the report recipients. 

 

 
Type of Report 

 
Frequency 

(daily, weekly monthly, quarterly, 
annually, etc.) 

 
Projected Delivery 

Date(s) 

 
Person(s) Responsible 
for Report Preparation 

(title and organizational affiliation)

 
Report Recipient(s) 

(title and organizational affiliation)

Verbal Status Report Daily At the end of each day Weston Field Team Leader 
 

Weston Project Manager 

Verbal or Written Status Report As necessary As necessary Weston Project Manager 
 

CENAE 

Written Monthly Status Reports Monthly As required Weston Project Manager CENAE 
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QAPP Worksheet #34 (UFP-QAPP Manual Section 5.2.1) -- Verification (Step I) Process Table  
Describe the processes that will be followed to verify project data. Describe how each item will be verified, when the activity will occur, and 
what documentation is necessary, and identify the person responsible. Internal or external is in relation to the data generator.  

 

 
Verification Input 

 
Description 

 
Internal /  
External 

 
Responsible for Verification (name, organization) 

Planning Documents 
(H&S, FSP, QAPP, RAM) 

Evidence of required approval of plans. I Ryan Brown/Tony Delano, Weston Solutions, Inc. 

Chain of custody and 
shipping forms 

Chains of custody forms and shipping documentation will be 
reviewed upon their completion and verified against the packed 
sample coolers they represent. A copy of the 
chain-of-custody shall be retained in the site file, and the original 
placed inside the cooler for shipment or courier pickup. 

I WESTON Samplers  TBD 

Field Notes Field notes will be reviewed internally and placed in the 
site file. 

I Weston Solutions, Inc. 

Level 2 Laboratory data 
package including detailed 
case narrative, QC summary 
report, sample results in dry 
weight, and an EDD.. 

Laboratory data packages will be verified internally by 
the laboratory performing the work for completeness 
(Level 2 data package and electronic deliverable) and technical 
accuracy (project-specific QAPP criteria were met) prior to 
submittal.  
Ensure that all data results meet the required turnaround time.  
Data packages will be verified to ensure that project quality 
objectives (FSP and QAPP) have been met. CENAE will be notified 
of any data usability issues as soon as possible.  

I 
 
 
I 

 
 

E 

Brooks Rand, Michelle Briscoe;  
ARI, Sue Dunihoo 
 
Brooks Rand, Michelle Briscoe;  
ARI, Sue Dunihoo 
 
Diane Quigley, Chemist, Weston Solutions, Inc. 
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QAPP Worksheet #35 (UFP-QAPP Manual Section 5.2.2) -- Validation (Steps IIa and IIb) Process Table 
Describe the processes that will be followed to validate project data. Validation inputs include items such as those listed in Table 9 of 
the UFP-QAPP Manual (Section 5.1). Describe how each item will be validated, when the activity will occur, and what documentation 
is necessary and identify the person responsible. Differentiate between steps IIa and IIb of validation. 

 

Step Ila / IIb Validation Input Description 
Responsible for Validation 

(name, organization) 
IIa SOPs Ensure that all sampling and analytical SOPs were followed. Diane Quigley,  

Weston Solutions, Inc. 
IIa Documentation of 

Method QC Results 
Establish that all method and required QC samples were run and met 
required limits. 

Diane Quigley,  
Weston Solutions, Inc. 

IIb Documentation of 
QAPP QC Sample 
Results 

Establish that all QAPP required QC samples were run and met required 
limits.  

Diane Quigley,  
Weston Solutions, Inc. 

IIb Project Quantitation 
Limits 

All sample results were in dry weight and met the project quantitation 
limits specified in the QAPP. 

Diane Quigley,  
Weston Solutions, Inc. 

IIa EDD Establish that the electronic deliverable is in the right format and is 
consistent with the hard-copy data package. 

Diane Quigley,  
Weston Solutions, Inc. 
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QAPP Worksheet #36 (UFP-QAPP Manual Section 5.2.2) -- Validation (Steps IIa and IIb) Summary Table  
Identify the matrices, analytical groups, and concentration levels that each entity performing validation will be responsible for, as well 
as criteria that will be used to validate those data. 

 

Step IIa / IIb Matrix Analytical Group 
Concentration 

Level Validation Criteria 

Data Validator 
(title and 

organizational 
affiliation) 

II a Soil and Aqueous Mercury/Methyl Mercury Low 

USEPA Contract 
Laboratory National 
Functional Guidelines 
For Inorganic Data 
Review (October 2004) 

Diane Quigley, 
Chemist,  
Weston Solutions, Inc. 

II b Soil and Aqueous Mercury/Methyl Mercury Low QAPP Worksheets 12 
and Table 3-1 of QAPP 

Diane Quigley, 
Chemist,  
Weston Solutions, Inc 

II a Soil and Aqueous TOC, Sulfides, Grain size Low 

USEPA Contract 
Laboratory National 
Functional Guidelines 
For Inorganic Data 
Review (October 2004) 

Diane Quigley, 
Chemist,  
Weston Solutions, Inc. 

II b Soil and Aqueous TOC, Sulfides, Grain size Low QAPP Worksheets 12 
and Table 3-1 of QAPP 

Diane Quigley, 
Chemist,  
Weston Solutions, Inc 



Part 2 - Quality Assurance Project Plan     Sampling and Analysis Plan  
Mercury Contamination at Area U      Revision Number: 1 
Atlantic City Naval Air Station, Formerly Used Defense Site     Revision Date: 25 April 2008  
Egg Harbor Township, New Jersey 
 

Document Control Number: ACNAS06-040708-AABL Page 46 of 46 

 
QAPP Worksheet #37  (UFP-QAPP Manual Section 5.2.3) -- Usability Assessment 
Describe the procedures / methods / activities that will be used to determine whether data are of the right type, quality, and quantity 
to support environmental decision-making for the project.  Describe how data quality issues will be addressed and how limitations on 
the use of the data will be handled.  

 
 
Summarize the usability assessment process and all procedures, including interim steps and any statistics, equations, 
and computer algorithms that will be used: 
See Section 11 of the QAPP. 
 
 
Describe the evaluative procedures used to assess overall measurement error associated with the project: 
See Section 11 of the QAPP. 
 
 
Identify the personnel responsible for performing the usability assessment: 
Diane Quigley, Weston Project Chemist; Tony Delano and Ryan Brown, Weston Project Managers 
 
 
Describe the documentation that will be generated during usability assessment and how usability assessment results will 
be presented so that they identify trends, relationships (correlations), and anomalies: 
 

 Final Laboratory data packages 
 
 WESTON Data Validation Review Checklists for those data that are validated 

Data will be evaluated and qualified if necessary. Data results will be reviewed and be used to determine if further remedial actions 
are necessary. 
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